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INTx^ODUCilON  ’  • 

'This  paper  describing  the  methods  of  recovery  and  treatment  of  a  sand 
and  gravel  deposit  and  the  preparation  of  these  materials  for  a  number  of 
special  markets  is  one  of  a  series  being  prepared  by  the  U,  S.  Bureau  of  Mines. 
It  is  of  particular  interest  to  those  sand  and.  gravel  operators  who  have  a  sur¬ 
plus  of  fine  sand  which  must  be  sent  to  waste,  both  from  the  point  of  view  of 
equipment  and  the  variety  of  markets  supplied,  and  in  that  it  describes  one  of 
the  few  sand  and  gravel  plants  which  have  resorted  to  hydraulic  classification 
for  sizing  fine  sand. 
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HIS'TORY 

In  the  early  operation  of  the  deposit  sand  and  gravel  for  maicing  cnn- 
crete  were  the  only  products.  Later  on  the  demand  for  special  sands  necessi¬ 
tated  separate  plant  units  for  their  preparation,  which  was  followed  by  the  '' 
erection  of  another  separate  plant  for  the  utilization  of  the  fine  sand  wasted 
from  operations,  as  markets  were  developed  for  this  material.  The 

■cresent^is  the  result  of  a  gradual  developn-ent  brought  about  by  the  necessity 
of  producing  various  special  kinds  or  gradings  of  sands  and  gravels. 


1>“ The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 
^  following  footnote  acKmowledgment  is  used:  "Reprinted  from  U.  S.  Bureau  of 
Mines  Information  Circular  6420." 

2  One  of  the  consulting  engineers  of  the  Bureau  of  Mines;  vice  president  and 
general  manager,  Menantico  Sand  and  Gravel  Co. 
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Previous  to  the  formation  of  the  present  company  the  deposit  had  been 
worked  in  a  small  way  for  the  production  of  concrete  gravel  and  blast  sand. 

In  the  spring-  of  1914  the  present  company  took  over  the  property  and  con¬ 
structed  an  entirely  new  plant.  At  that  time  the  only  outlet  for  material  was 
a  small  market  for  concrete  gravel  in  Atlantic  City  and  a  fair  market  for 
blast  eand  in  New  Jersey  and  Eastern  Pennsylvania.  Several  sand  plants  were 
already  in  operation  in  this  section  but  they  were  almost  entirely  occupied 
in  supplying  sand  to  glass  factories,  fo-undries,  and  for  water  filtration. 

The  property  consists  of  about  300  acres  with  a  small  stream, 

Menantico  Creek,  running  through  it  close  to  the  western  boundary.  'The 
Pennsylvania  Railroad  trades  traverse  the  property  on  the  southern  edge  so  that 
excellent  transportation  is  afforded. 

DESCRIPTION  OP  DEPOSITS 

The  deposits  at  Millville  are  all  of  fine  sand  and  gravel  that  offer 
no  serious  difficulty  to  the  operation  of  a  p-ump  dredge.  On  the  property  are 
two  classes  of  deposits  which  are  called  Highland  and  Lowland.  'The  Highland 
deposit  extends  from  10  to  20  feet  above  water  to  an  average  of  20  feet  below 
water  level.  'This  deposit  has  no  overburden  and  supports  a  weak  growth  of 
scrub  oak  and  pine.  The  Lowland  deposit  is  adjacent  to  the  stream  and  extends 
from  2  to  5  feet  above  water  to  an  average  depth  of  22  feet  below  water  level. 
'The,- overburden  on  this  deposit  is  decayed  vegetable  matter  mixed  with  sand  and 
forms  a  black  mat  from  6  inches  to  3  feet  in  thicicness  over  the  deposit. 

PHYSICAL  CHARAC'TERISTICS 

Gravel  deposits  in  all  of  Southern  New  Jersey  are  of  small  drea  and 
adjacent  to  small  streams.  The  gravel  itself  is  unusually  small  with  almost 
none  over  2  inches  in  size.  On  the  other  hand,  sand  of  almost  every  size  is 
found  in  abundance. 

‘The  Lowland  deposit  is  comparatively  shallow',  but  consists  largely  of 
gravel  and  coarse  sand,  and  was  the  first,  deposit  worked  because  it  contained 
from  20  to  25  per  cent  of  gravel  and  about  35  per  cent  of  coarse  sand  which 
were  the  only  products  of  value  during  the  early  operation  of  the  deposit. 

The  balance  of  fine  sand  was  then  considered  as  waste. 

Chemically,  the  material  shows  an  analysis  of  from  96  to  98  per  cent 
silica  and  is  uniform  throughout.  The  sand  is  angular  and  hard,  and  the  gravel 
is  practically  all  quartz. 
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PROSPECTING  aND  EXPLOHaTICN 

The  first  explorations  were  by  rreans  of  test  pit's  d-ug  by  hand.  These 
proved  of  little  value  as  they  could  only  be  suntc  to  a  limited  depth,  a  con¬ 
tract  was  then  made  for  drilling  test  holes  over  that  portion  of  the  deposit 
which  it  was  desired  to  explore.  'These  test  holes  were  put  down  by  hand  at  a 
contract  price  of  (^1.50  per  foot  and  spaced  approximately  100  feet  apart  in 
each  direction,  '  . 

At  present  the  method  of  prospecting  is  to  dig  test  holes  with  a  small 
Hayward  clam-shell  bucket  worked  by  hand.  The  bucicet  digs  a  hole  about  12 
inches  in  diameter  and  is  used  above  the  water  line  inside  a  steel-pipe  casing. 
Below  the  water  lihe  a  4-inch  pipe  is  sunr:  as  a  casing  within  which  a  drill 
tool  is  operated.  ‘This  tool  is  made  from  a  piece  of  3- inch  pipe  about  4  feet 
long  v/ith  one  end  filed  off  to  a 'rough  cutting  edge.  A  few  inches  above  this 
edge  a  flap  valve  is  placed  opening  upward..-  The  tool  is  suspended  from  a 
light  tripod  by  a  half- inch  rope  running  through  a  pulley  and  is  operated  by 
Hand.  Three  men  are  used  in'thls  work  and  average  about  50  feet  of  drilling 
per  day  at  a  cost  of  30  cents  per  linear,  foot, 

CHOICE,  OF  method  ,  , 

■'  Originally  the  desired  product  v/as  concrete  gravel  and  coarse  sand 
which  occurred 'in  the  best  quantities in  the-. Lowland  deposit.  The  overburden 
being  of  ho  Value  v/hatever,  had  to  be  disposed  of  as  quickly  and  economically 
as  possible,  so  it  was  cast  into  the  uond  formed. by  previous  worKings. 

In  order  to  use  the  equipment  taken  over  in  the  purchase  of  the  property 
consisting  of  a  Browning  locomotive  crane  and  an  "A", -frame  derrick,  both 
equipped  with  1-yard  buc:cets,  a  screening  plant  was  constructed  close  to  the 
railroad  tracK  and  dry  plant.  The  material  was  dug  by  the  crane  and  derrick, 
loaded  in  4-cubic  yard  side-dump  cars  and  hauled  by  a  steam  locomotive  to  the 
screening  plant. 

The  cars  were  dumped  into  a  hopper  and  the  'material  raised  by  a  con¬ 
tinuous  bucket  elevator  to  a  jacket  screen  which  separated  the  sand  from  the 
gravel.  The  gravel  was  loaded  by  gravity  either  into  cars  or  a  storage,  bin, 
and  the  sand  was  discharged  into  a  wash  box  which  sep-arated  it  into  coarse  and 
fine  sand.  '  'The  coarse  sand  was  for  use  as  blast  sand  and  the  fine  sand  was 
wasted.  .  .  ^ 

The  disposal  of  this  fine  sand  eventually  became  an  acute  problem  so 
some  change  was  necessary.  Then  too,  by  this  time,  a  change  in  the  market  was 
evident,  iua  increased i demand  for  a  properly  prepared  concrete  sand  was  evi¬ 
dent,  as  well  as  a  demand  for  a  fine  sand  that  could  be  used  for  plastering 
and  brick  mortar.  In  order,  to  meet  this  aemand  it  was  aecided  to  entirely 
revamp  the  plant.  '  ’  '  ' 
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Due  to  the  shallownese  of  the  deposit  and  because  it  contained  no 
boulders  or  large  stones,  it  was  decided  that  a  pump  dredge  would  handle  the 
material  cheaper  than  any  other  device.  In  order  to  avoid  pumping  long  dis¬ 
tances,  an  inexpensive  screening  plant  was  built  which  could  be  replaced  by  an¬ 
other  plant  in  a  new  location  when  the  pumping'  distance  became  too  great,  '^s 
steam  power  only  was  available,  the  dredge  was  constructed  to  accommodate  boil¬ 
ers  and  an  engine,  and  as  there  was  no  way  of  getting  a  dredge  hull  to  the 
property  it  had  to  be  built  at  the  site. 

In  1926  electric  power  became  available  and  since  the  boiler  equipment 
was  reaching  a  state  where  renewals  were  necessary  it  was  oecided  to  equip  the 
plant  throughout  with  electric  machinery.  X'his  change  was  made  daring  1923 
and  the  electric  machinery  has  proven  more  efficient  and  less  expensive  to 
operate  than  the  steam-operated  equipment. 

D'uring  all  this  tim.e  the  market  was  broadening  and,  a  demand  was  appear¬ 
ing  for  a  greater  variety  of  grades  in  both  sand  and  gravel. 

The  demands  were  met  and  in  some  cases  anticipated  by  the  construction 
of  new  plants  for  special  purposes,  until  at  present  four  plants  are  in  opera¬ 
tion  consisting  of  a  wet-screening  plant  for  the  preparation  of  concrete  gravel, 
concrete  sand  and  fine  or  plastering  sand;  a  dry  plant  for  the  production  of 
blast  sand;  a  re-screening  plant  for  the  preparation  of  filter  gravel;  and  an 
hydraulic-classifier  plant  for  the  preparation  of  special  sands  for  such  pur¬ 
poses  as  molding,  core,  filter,  and  slate-rubbing  sand. 

This  last  plant  was  built  to  utilize  the  fine  sand  v/hich  had  been  dis¬ 
carded  as  waste  during  previous  operations.  The  flow  sheets  of  the  various 
plants  are  shown  in  figures  1,  2,  3,  and  4. 

DREDG3 


When  originally  built,  the  dred-ge  hull  had  to  accommodate  a  Corliss 
engine  and  boilers  so  that  it  is  somewhat  larger  than  is  necessary  at  present. 
The  hull  is  30  by  70  by  5  feet  deep  and  is  built  throughout  of  long-leaf  yellow 
pine.  The  deck  and  sides  are  of  3-inch  plauxs  and  the  bottom  plantcs  are  4 
inches  thick,  a  deck  house  of  galvanized  iron  covers  all  equipment.  The  de¬ 
tails  of  this  hnall  are  shown  on  the  accompanying  plan  (fig.  5). 

The  equipment  consists  of  a  12-inch  Morris  Machine  Go.  sand  pump  with 
'Taylor-Wharton  manganese-steel  removable  liner,  siq.e  plates,  and  impeller. 

The  pump  is  driven  by  a  direct-connected  300-hp.  General  Electric  synchronous 
motor  using  4C0-volt,  3-phase,  60-cycle,  current.  Synchronous  motors  were 
selected  on  acco'iont  of  low  initial  cost  and  a  pov^er  factor  affording  a  5  per 
cent  reduction  of  current  consumption. 
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To  eliirinate  starting  troubles  the  motor  is  equipped  with  an  automatic 
starter  and  pvTsh-hutton  control  so  that  to  stop  or  start  the  pump  all  the 
operator  has  to  do  is  to  push  the  button.  ,  : 

For  priming  there  is  a  inch  Nash  vacuum  pump  driven  by  a  2-hp.  motor 
and  there  is  also  a  2-inch  D.S.V.M.  pump  driven  by  a  7|-hp.  motor  which  pro¬ 
vides  a  water  seal  to  keep  sand  out  of  the  main  bearixig, 

'Ihe  suction  line  is  suspended  from  an, ’’a"  frame  by  wire  cables  and  is 
raised  and  lov/ered  by  a  hoisting  engine  driven  by  a  20-hp.  induction- motor. 

Current  for  these  small  motors  and  for  lighting  the  boat  is  furnished 
from,  a  bank  of  three  10  kv.a.  transformers  v/hich  reduce  the  4,000  volts  to  220' 
volts  for  the  m;Otors  and  110  volts  for  the  lighting  circuit. 

'Ihe  dredge  is  moored  to  convenient  points  on  the  shore  by  wire  cables 
which  are  operated  by  hand  winches. 

PIPE  LINE 

Various  types  of  pipe  have  been  used  in  the  discharge  lines,  but  the 
most  satisfactory  has  been  pipe  made  by  the  iimerican  Rolling  Mills  Co.  of  a 
special  analysis  steel  with  welded  seams.  This  pipe  is  carried  over  the  water 
on  pontoons  each  8  by  4  by  2g  feet.  Fo'r  convenience  in  handling,  the  pipe  line 
is  generally  made  up  with  rubber  sleeves  about  every  40  feet.  The  pipe  line 
is  12  inches  in  diameter  throughout  and  at  the  screening  plant  is  carried  up  a 
long  incline  to  a  point  of  discharge  32  feet  above  the  loading  track. 

SCREENING  PLANT 

The  pipe  line  discharges  on  the  narrow'  end  of  a  fan-shaped  spreading 
table  which  slopes  7/8  inch  in  1  foot  toward  the  stationary  screens.  This 
table  is  20  feet  wide  at  the  .lower  end  and  spreads  the  material  in  a  thin  layer. 
The  material  flows  from  this  table  onto  a  woven  wire  screen  20  feet  long  and  4 
feet  wide.  This  screen  is  set  at  an  inclination  of  about  45°  and  so  located 
that  the  discharge  from  the  table  hits  the  top  of  the  screen. 

AS  there  is  practicall.y  no  material  over  2  inches  in  size  the  screen 
used  is  2  meshes  to  the  inch  of  0.162- inch  wire,  giving  a  clear  opening  of 
0,338  inch.  The  purpose  of  this  screen  is  to  separate  the  gravel  from  the 
sand;  the  gravel  is  discharged  into  a  chute  which  conveys  it  to  2  parallel  re¬ 
volving  screens  each  16  feet  long  and  36  inches  in  diameter  and  equipped  with 
sand  jackets  12  feet  long.  'The  purpose  of  these  screens  is  to  remove  small 
roots  or  trash  from  the  gravel  and  also  to  screen  out  any  sand  not  removed  by 
the  stationary  screen.  The  inner  section  of  the  screen  is  punched  metal  with 
holes  Ig  inches  in  diameter,  while  the  sand  jacket  is  punched  with  holes  5/l6 
inch  in  diameter. 
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‘Phe  material  papsin^'  the  inner  screen  and  retained  on  the  sand  jacket 
is  therefore  gravel  from  5/I6  to  l^--  in^-hes  in  diameter  ana  is  chuted  directly 
into  cars,  there  heing  no  gravel  bins  at  the  plant.  The  sana  passing  through 
the  jackets  enters  a  hopper  from  which  it  is  loaded  by  gravity  into  small  cars 
which  convey  it  to  the  dry  plant  over  a  narrow-gage  tracK.  • 

The  sand  passing, the  2-mesh  stationary  screen  is  carried  into  a  series 
of  sand  cones  of  the  Du].l  type  which  dewater  the  sand  and  also  remove  any  ex¬ 
cess  of  fines  which  may  be  present.  These  cones  discharge , the  dewatered  sand 
directly  into  cars  for  shipment  as  concrete  sand.  ..  when  fine  sand  for  plaster¬ 
ing  is  desired  another  screen  similar  to  the  2-raesh  screen  but  with  8-mesh  open¬ 
ings  is  placed  directly  ahead  of  the  2-m,esh..screen.  This  screen  separates  the 
sand  into  fine  and, c oar se_ sand.  The  coarse  sand  rejected  by  this  8-mesh  screen 
enters  a  hopper  and  is  loaded  by  gravity  into  narrow-gage  cars  which  take  it  to 
the  dry  plant.  'The  fine  sand  passing  the  8-mesh  screen  goes  to  the  dewatering 
hoppers  and  is  loaded  into  cars  for  shipment,  as  plaster  sand.. 

To  facilitate  handling  these  screens  they  are  made  in  three  sections, 
each  6  feet  8  inches  long  on  wooaen  frames. 

.  DRY  PLAtJT  .  .  ■  .  . 

/ 

'The  dry  plant  is  operated  to  produce  blast  sand,  and  filter  sand  which 

are  shipped  in  box  cars.  The  raw  material  used  is  the  c.barse  sand  produced  at 

<  , 

the  wet  plant,  which is  loaded,  at  the  wet  plant  in  4-cubic-yard  cars  on  a  3- 
foot  gage  track  and  hauled  by  gasoline  locomotive  to  an  elevated  trestle  and 
dumped  on  a  storage  pile.  This  storage  pile  covers  a  concrete  tunnel  in  W'hich 
there  is  a  24-inch  gage  track  carrying  two  l-cubic-yard  Kopple  side -dump  cars. 

The  sand  is  loaded  into  these  cars  through  gates  in  the  roof  of  the 
tunnel  and  the  cars  are  then  hauled  up  an  inclined  trestle  by  cable  to  the  re¬ 
ceiving  hopper  of  the  dryers.  ■ 

There  are  two  rotary- type  direct-heat  dryers,  each  with  a  rated  capacity 
of  20  tons  per  hour,  and  using  low-volatile  coal  for  supplying  heat,  the  con¬ 
sumption  of  fuel  being  about  1^  tons  per  day  in  each  aryer.  The  dryers  are 
belt  driven  by  a  50-hp.  synchronous  motor.  • 

'The  wet  sand  is  dumpea  from  the  Kopple  cars  into  feea  hoppers  located 
over  the  dryer  furnaces  and  is  fed  through  a  gate  into  the  receiving  end  of  the 
dryers.  The  dryers  ma.-ce  15  r.p.m.  and  discharge  the  dry  sand  into  a  hopper. 

From  this  hopper  the  sand'  is  pic'.ced  up  by  a  buc net  elevator,  raised  35  feet, 
and  discharged  into  two  parallel  revolving,  screens,  each  12  leet  long  and  36 
inches  in  diameter.  Each  screen  is  in  2  sections,  the  first  of  which  is 
equipped  with  wire  cloth  having  5  meshes  to  the  inch  and  the  second  with  wire 
cloth  having  3g  meshes  to  the  inch. 
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The  material  paesing  the  5-mesh  screen  drops  into  a  small  hopper  and 
is  raised  about  10  feet  by  a  bucket  elevator  for  further  screening! 

The  material  retained  on  the  3|-mesh  screen  is  oversize  and  is  dis¬ 
charged  into  a  loadirg  bin  for  raari^et  as  pea  gravel.  The  material  passing  the 
3g-mesh  screen  also  goes  to  a  storage  bin  as  l^o.  4  blast  sand. 

The  sand  which  has  nassed  the  5-mesh  screen  after  being  raised  by  the 
bucket  elevator  is  discharged  into  chutes  which  open  onto  4  parallel  stationary 
screens.  These  4  screens  are  alike  and  have  triple  decks  18  inches  wide  but 
varying  in  length.  The  upper  decK,  20  feet  long,  is  of  10-raesh  wire  cloth. 
Material  retained  on  this  screen  is  No.  3  blast  sand  and  is  chuted  to  a  storage 
bin.  The  second  deck  of  the  screen  is  about  30  feet  long  and  is  of  16-mesh 
cloth.  The  material  from  this  screen  is  also  chuted  to  its  bin  ready  for  load¬ 
ing  as  #2  blast  sand.  The  third  deck  of  the  screen  is  of  24-meBh  cloth  and  the 
material  retained  on  this  screen  is  the  smallest  size  or  #1  blast  sand.  It  also 
is  discharged  into  a  storage  bin.  a11  of  these  bins  are  inside  the  building 
so  that  the  sand  is  kept  dry.  .... 

'The  sand  which  passes  through  the  last  screen  is  too  fine  for  blast 
sand,  but  is  chuted  into  an  inclosed  bin  and  is  sold  as  a  special  product  for 
use  in  several  different  industries. 

r 

‘The  gravity  screens  are  assembled  in  sections,  each  10  feet  long  and 
mounted  on  light  wooden  frames  so  that  the  replacements  are  easily  m.ade.  The 
screens  have  an  inclination  of  about  45°,  so  that  the  material  flow's  over  them 
slowly.  •  •  . 

Six  men  are  employed  in  this  plant;  a  foreman  v/ho  is  also  the  locomo¬ 
tive  crane  operator,  an  .engineer  in  charge  of  the  motor  room  and  who  operates 
the  hoisting  engine  that  pulls  the  cars  of  raw  material  from  the  tunnel;  a 
laborer,  who  loads  and  discharges  tunnel  cars;  a  laborer  who  feeds  the  dryers 
and  also  attends  the  furnaces;  a  laborer  in  the  screening  plant  and  a  laborer 
as  helper  on  the  crane.  In  loading  cars  the  material  is  chuted  into  the 
hopper  of.  a  Pratt  box-car  loader  and  placed  in  the  car;  the  loading  is  com¬ 
pleted  by  the  machine. 


CLASSIFIER  PLaIIT 

During  many  years  of  operation  a  large  arooont  of  fine  sand  accumulated, 
which  was  looked  upon  as  a  v/aste  product. 

Chemical  and  physical  analysis  showed  that  this  sand  if  properly  graded 
could  be  made  to  meet  the  requirements  of  various  industries. 
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As  this  spnd  was  very  fine,  and  of  course  wet,  it  seemed  impossible 
to  devise  a  screening  method  that  woul 1  give  satisfactory  results.  It  was  de¬ 
cided  to  attempt  to  get  the  required  results  ty  hydraulic  classification,  a 
ulant  was  designed  hy  and  erected  :ander  the  supervision  of  ¥ix.  Edmund  Shaw, 
using  Shaw  cla.s&ifiers  and  cones.  V/ith  a  fev/  mi nor^  changes  and  the  addition 
of  two  Tyler  vibrating  screens  this  plant,  (see  fig.  6)  has  proved  entirely 
successful. 

•  The  flow,  sheet  may  appear  som.ewhat  complicated,  hut  the,  plant  has  been 
able-  to  produce  several  grades  of-  sand  that  have;-  found  a  ready  marke-t  which  is 
still  being  extended..  :  ,  .  .„ 

■  ,  -i  :  ■  * 

The  classifier  plant  was  erected  50  feet  from,  the  railroad .track  so 
that  material  produced  could  be  stocJc-pilc-d  and  loaned  in  cars,  by  a  crane  as' 
required.  'The  raw  material  for  this  plant  is  the  waste  sand , discharged  into 
the  old  worked-out  portion  of  the- deposit,  as-  the  .m'a;bcrial  is  fine.it  can- be 
readily,  pumped,  and  a  ’6-inch  pump  yms  selected  fhr  this  purpose  and  mounted  on 
a  steel  hull  built  at  a  local  shop.  ihe  pump  is  belt  ariven  by  a  100-hp. 
synchronous  motor  and  delivers  the  material  through  a  6-inch  discharge  line 
to  a  conical  hopper  at  the  top  of  the-  plant,  50-  feet  above  -the  track  elevation. 

•'  -  •  ,  .  y  T  :  ,  .  ■  ■  ' 

i  4  -  .  ' 

AS  the  proper  operation  of  this  plant,  requires  regular  feed  the  dis,- 
charge  from  the  hopper  is  through  a  gate,  the  opening  of  which  can  be  easily 
regulated.  The  hopper  discharge  is  fed  fb.;  a  10-mesh  Tyler  vibrating  screen. 

All  material  retained  on  this  screen  is  chuted  to  a  stock  pile  and  treated  in 
the  dry  plant.  The  material  passing  the  10-mesh  screen  enters,  a  cone  classi¬ 
fier  for  preliminary  classification  (fig.  7).  'The  spigot  discharge  from  this 
cone  enters  a  Shaw  hindered-settling  classifier  (fig.  8)  and  is  divided  into 
two  components.  The  overflow  from  this  classifier  unites-  with  the  overflow 
from  the  first  cone  classifier  and  all  this  material  enters'  a  second  Shaw 
hindered-settling  classifier.  The  spigot  discharge  from  this  second  classi¬ 
fier  is  very  fine  sand  and  is  stock-piled  ready  for  loading  as  core  or  foundry 
sand.  The  overflow  of  this  classifier  is  w’aste. 

The  spigot  discharge  from  the  first  classifier "falls  on  a  Tyler  20- 
mesh  vibrating  screen.  Material  retained  on  this  screen  is  therefore  minus 
10  plus  20  mesh  and  is  stock-piled  and  used  as  filter  and  molding  sand. 

Material  passing  the  20-mesh  screen  flows  into  a  third  Shaw  classifier, 
producing^spigot  product  of  minus  20  plus  c5  mesh,  which  is  sold  as  filter  sand. 

The  overflow  from  this  classifier  passes  thro-ugh  4  Deister-cone  baffle- 
classifiers  arranged  in. series.  .These  reclaim  any  filter  sand  Carried  over  in 
the  overflow  of  the  third  Shaw  classifier.  The  spigot  discharge  of  these 
classifiers  is  therefore  filter  sand,  while  the  overflow  is  a  somewhat  finer 
sand  which  is  used  in  slate  cutting  and  rubbing  as  well  as  for  foundry  work. 

-  8  - 


8730 


M'O^ 


P/an 


'^?zcodrse 
c/assi//er 
Jo  ~ 

aemfering 
cone 

/owasfeC 

/\/?2N.S. 
classifier  t 

losfoc/( 
piie  c 


N^/H.S.  Classifier 
N-i  coarse  c/assifier 


fr  Grade 


Side  eievafion 

Figure  6r  Classifier  p/ant 


i 

End  eievafion 


•V’  ).  -  4-*  ^^lya 


j, — 

’■“  -4 


-wrM  .® 


.1'  - 


'  "'^‘  -«■' '  ■■■, 

■f  -•'L*^'’  «•  >.'V  ■' '  --N  V*  .  '  ‘ 

^  ■..  ^ - 


Figure  7.- Coarse  dassif/er 


I.  C.  6420 


PILTER-Gl^VEL  PLiiEf 

In  order  to  produce  the  various  si^es  of  gravel  demanded  for  filters, 
a  small  gravel  rescreening  plant  v/as  built,  Ihis  plant  consists  of  two 
parallel  revolving  screens  so  constructed  that  the  punched  metal  plates  can  be 
easily  changed  to  accommodate  the  requirements  as  to  size  of  gravel.  ‘Ihe 
plant  is  30  feet  high,  thfe  gravel  being;  raised  by  bucicet  elevator  to  the 
screens,  discharged  by  gravity  to  ground  storage  and  loaded  into  cars  by  a 
locomotive  crane. 

r  •. 

Water  required  in  both  the  classifier  and  filter-gravel  plants  is 
supplied  by  a  6-inch  centrifugal  pump  driven  by  a  20-hp.  General  Electric 
motor  and  in  order  to  secure  a  constant  head  in  the  classifier  plant  a  tank 
is  provided  at  the  top  of  the  plant  to  which  the  water  is  puiriped.  Each 
classifier  receives  water  by  separate  pipe  line  from  this  tanic. 

WAGE  SCALE 


Per  month 

Foreman  2  $200, 00 

Watchman  1  125.00 

Per  hour 

Engineer  .1  $  0.675 

Mechanic  1  . 60 

Pump  Runner  1  . GO 

Crane  operators  2  .55 

Pum.p  R-unner  1  .55 

Engineer  1  . 55 

Mechanic  -1  .55 

Loco.  Engrs.  2  .50 

Laborers  5  .45 

Laborers  6-12  ,  .40 


Normally  the  working  day  consists  of  9;^  hours,  five  days  per  week, 
v/ith  5g  hours  on  Saturdays,  v/ork  being  carried  on  continuously  throughout  the 
year. 
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smMiY  OF  cosrs 

Period' covered:  1927  ..  ■ 


lons^  sand  and  gravel  -produced  210,000 


Labor 

1  Super-  ' 
intend ence 

Power 

Fuel 

Other 
sup pi ies 

Total 

Operating  costB 

Stripping  by  a  -  Frame  derrick, 
casting  overburden  into  pond 

$0. 003 

■  4)0.002 

$0. 001 

4)0.001 

$0,012 

Pumping  and  conveying 

.031 

.010 

450.074 

.016 

.131 

Wet  Rcreening  and  loading 

.089 

.  020 

.003 

.037 

.149 

Storage 

.005 

.003 

.002 

.010 

Repairs  and  maintenance,  i 

.023 

.004 

.027 

Miscellaneous  expense 

Tetal  operating  cost  of  pro- 
di:iping  wet  sand 

.013 

.004 

.017 

.16i 

.032 

.077 

.004 

.064 

.346 

Overhead 

• 

Depreciation  . * 

. 

. 

.08 

•  .013 

.  . 

.  01 

5  . ; . 

.  017 

Insurance  . . . 

.17 

W  U iA-1-  V  tb  0  tc  X  U  ’  ’ 

—  ■  ■  ■  - ■  '  ■—  - - —  ^ 
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DRY  PLAUr 
SUI^iVuiRY  OP  COSYS 


Period  covered:  1927 


Tons  produced  -  15,500 


Operating  costs  per  ton  of  ary  sand 


Labor 

Super¬ 

intendence 

rower 

Puel 

Other 

supplies 

Total 

Ha'uling  . 

Drying  . 

Screening  . 

Loading  . 

Miscellaneous  plant  . . 

$0,037 

.226 

.158 

.057 

.020 

4)0.  005 
.034 
.026 
.005 

$0,130 

.010 

$0,160 

.  035 
.036 

$0. 062 
.112 
.054 
.027 

$0,104 

.662 

.238 

.134 

.056 

Total  operating  cost 
dry  plant  . 

0.498 

.070 

.140 

.231 

.255 

1.194 

Operating  cost  of  pro¬ 
ducing  wet  sand  .... 

.169 

.032 

.077 

.004 

.064 

.346 

Total  operating  cost.. 

.667 

.102 

.217 

.235 

.319 

1.540 

Swirary  of  costs  in  ■units  of  labor,  power  and  supplies 
dioring  an  average  month 

Labor  (man-hours  per  ton) 


Stripping 

0.0215 

P-umping 

.06 

Screening 

.10 

Loading 

.05 

Track  repairs 

.02 

Drying 

.10 

Supervision 

.036 

General 

.06 

Percentage  of  Total  Cost  -  59 

Power  and  supplies 

Power,  kw.h.  per  ton 

Pumping  2.04 

Viet  screening  .163 

Drying  3.43 

Cost  of  other  supplies 
in  percentage  of  total 
cost  -  21 

Power  and  supplies,  percentage  of  total  cost  -  41. 
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ADMINISTRATIVE  ORGANIZATION 
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General  manager 


Superintendent 


Office  manager 


2  men 


Pumping  and  wet  screening 
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Foreman 
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Pump 

operator 


Screening 

plant 
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8  men 


~T" 

Haulage 


— 1___ 
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engineers 


2  men 


Dry-plant 

foreman 


ve 

6  men 


Classifier 
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» 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


METHOD  AND  COST  OP  DREDGING  SAND  AND  GRAm  BY  THE 
OHIO  RIVER  SAlJD  CO.,  LOUISVILLE,  KY.^ 

By  J.  Hamilton  Duffy^ 

‘INTRODUCTION 

"This  is  the  first  of  a  series  of  papers  describing  dredging  methods 
and  costs  in  recovering  sand  and  gravel  from  the  beds  of  rivers  throughout  the 
United  States  and  deals  directly  with  the  methods  employed  and  costs  obtained 
by  the  Ohio  River  Sand  Co.  near  Louisville,  Ky, 
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ing  engineer  of  the  Bureau  of  Mines,  in  the  collection  of  data  and  compilation 
of  this  report, 

HISTORY 

'The  Ohio  River  Sand  Co.  operates  two  ladder-type  dredges  in  recovering 
sand  and  gravel  from  the  bed  of  the  Ohio  River  in  the  vicinity  of  Louisville, 

Ky. 

I 

An  industry  which  may  be  considered  as  the  forerunner  of  the  river- 
sand  and  gravel  business  in  this  vicinity  was  the  collection  of  paving  ■:owlders 
from  the  shallow  parts  of  the  river  prior  to  1875.  'These  bowlders  were  gathered 
by  men  wading  the  river  and  scooping  them  up  by  means  of  forks.  ‘The  bo'.'^lders 
were  loaded  into  skiffs  and  poled  or  rowed  to  shore  where  they  were  transferred 
to  wagons  for  delivery  in  Louisville  for  paving. 


1  The  Bureau  of  Mirss  will  welcome  reprinting  of  this  paper,  provided  the 

following  footrote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information'  Circular  6421." 

2  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  vice  president, 

Ohio  River  Sand  Co. 
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In  1875  J.  T.  Duffy  installed  a  derrick  boat  equipped  wi,th  ^a  clam¬ 
shell  bucket.  'This  was  essentially  a  wooden  hull  on  which  was  mounted  a 
derrick  with  its  steam  boiler  and  hoiet.''',j3y  means  of  the  clam-shell  bucket 
operated  by  the  derrick,  sand  and  gravel  were  dug'  from  the  river  bottom  and 
dropped  into  a  hopper  on  the  derrick  boat.  This  hopper  fed  directly  to  a 
short  trommel  with  a  i  to  g  inch  mesh  screen.  The  sand  passed  through  the 
screen  and  was  spouted  to  a  wooden  barge  moored  alongside.  'The  coarse  material 
or  gravel  was  discharged  back  into  the  river  as  a  waste  product. 

The  sand  was  t?aen  towed  to  Louisville  by  ;steam'' tow  boats  where  it  was 
■unloaded  by  hand  into  wagons  for  delivery' to  the  glass  furnaces. 

About  this  time  the  practice  of  sawing  stone  for  building  purposes 
was  introduced,  creating  an  increased  market  for  sharp  hard  sand.  Later  on 
the  market  demands  varied  to  include  such  products  as  mason's  sand,  roofing 
gravel,  and  finally  sand  and  gravel  for  concrete. 

As  the  market  for  river  products  increased,/ Mf..  Duffy,  with  Paul  C. 

Barth  and  James  Settle,  organized  the  Ohio  River  Sand  .'Co.^  'This  company  in  its 
early  years  had  nothing  to  do  with-’the  .production'end  of, ^ the  business-but  con¬ 
fined  its  activities  to  selling  and  distributing  the  material ' supplied  by  Mr. 

Duffy.  In  1906,  however,  the  company  tp ok .over  the  whole  operation  and  has 
continued  to  the  present  time. 

In  1904  the  old  derrick  boat  and  clamshell'  'w.ere’ replaced' by  a  dredge 
equipped  with  a  centrifugal  pump.  '  - 

'This  equipment  was  in  turn  replaced  in  1924  with  a  modern  ladder-type 
dredge  to  which  a  second  unit  or  dredge  was  added  in  1928.  Both  of  these 
dredges  are  now  in  '6-peration  and  both  are  described  ip  detail  in  this  report. 

The  first  production  of  comjnercial  gravel  dates 'from  1904.  "i/Vith' the 
derrick  boat  and  barges  imloaded  by  hand  the  company  produced  an  average  of 
100  cubic  yards  daily  which  was -sold-at  a  price  of  90  .cpnts  per  yard,  deliv¬ 
ered  anywhere  in  tBe  City  of  Louisville.  .  ....  .  .  .  ,  ' 

As  "business  increased  a,"  stiff-leg. derrick  was, erected  on., the  river 
bank,  replacing  the  hand  labor '  in  ■unloading' the  barges.  The  derrick  picked 
the  sand  and  gravel  up  from 'the ’barges ■ and  dropped  it  into  a  hppper  on  the 
bank  from  which  it  passed  by  gravity  to  wagons.  Vii'ith  this  equipment  the  plant  t 
.capacity  was  increased  'to' 450  yards  daily,.  ■'  .  •  i — 

'.  J. . 

j-.  In  1907  the  stiff-leg  derrick  on  the  river  bank  wa?  replaced  with  a 

clamshell  dredge.  This  ■unloaded -the  material  into  a  hopper  on  a  barge  moored 
to  the  river  bank.  A  flexible  bridge  and  tracK  connected  this  barge  with  an 
incline  on  shore,  'iiiooden  and  steel  cars  now  replaced  the  wagons  and  the 
gravel  was  hoisted  up  the  incline  and  over  a  trestle  to  be  dumped  to  storage 
piles  on  shore.  Production  was  thus  increased  to  1,000  yards  daily. 
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In  1923, the  present  land  method  of  handling  material  was  installed. 
Briefly,  it  .consists  of  a  Brownhoist  Bridge  crane  and  system  of  elevated  con¬ 
veyor  belts  delivering  to  truck  hoppers,  railway  cars,  or  storage  piles.  'Ihe 
unloading  crane  is  equipped  with  a  3-yard  clamshell  bucket  and  there  are  1,500 
feet  of  conveyors.  -The  railway  sidings  have  a  capacity  of  35  cars.  There  is 
room  for  storing  150,000  tons  of  material  behind  concrete  retaining  walls  and 
the -loading  hoppers  have  an  additional  capacity  of  5,000  tons. 

In  1915  all  wagon  hauling  for  city  delivery  was  replaced  by  auto 
trucks  and  in  1926  all  wooden  river  equipment  was  replaced  by  steel. 

The  present  capacity  of  the  plant  is -350  tons  per-hour. 

GEOLOGY  '  .  ' 

The  gravel  deposits  present  the  familiar  characteristics  of  river-bar 
geology.  Both  sand  and  gravel  have  been  carried  down  the  river  for  centuries. 
Flood  stages  in  spring  and  fall  have  brought  in  vast  quantities  of  fre-sh 
material  to  be  sorted  and  deposited  according  to  the  vagaries  of  the  changing 
currents.  Thus  heavy  coarse  gravel  is  found  at  points  of  rapid  current  and 
fine  sand- and  mud  where  the  velocity  of  the  current  diminishes.  Constant 
changes  occurring  in  the  direction  and  velocity  of  the  c\irrents  cause  the  pre¬ 
viously  formed  bars  to  be  reworked  and  as'  a  consequence  coarse  and  fine  gravel 

is  found  Intimately  mixed  with  large  vol’unies  of  fine  sand. 

?  / 

FormiSrly  maroy  of  these  bars  were  above  low-water  level  and  could  be 
prospected  and  tested  by  dry-land  methods.  Ttfith  the  recent  completion  of  the 
Federal  system  of  dam.s  a  minimiom  water  level  is  maintained  which  in\indates 
practically  all  the  river  bars. 

At  points  where  the  current  has 'a  comparatively  low  velocity  the 
gravel  is  found  covered  with  from  6  to  8  or  more  feet  of  fine  sand  and  mud. 

In  swifter  currents  coarse  gravel  with  little  fine  material  forms  the  river 
bed.  .  . 

At  many  points  bowlde'rs  ranging  in  weight  from  10  to  300  pounds  are 
found  scattered  over  the  river  bed  and  imbedded  in  the  gravel. 

Many  of  the  gravel  ttars  are  rendered  commercially  useless  or  at  best 
are  workable  with  difficulty  because  of  water-logged  debris,  consisting  of  tree 
trunks,  branches,  and  stumps  carried  down  the  river  during  flood  periods. 

I 

During  recent  years  an  increasing  amount  of  fine  coal  has  been  found 
in  the  deposits.  It  is  thought  this  originates  from  sunken  coal  barges  which 
have  been  lost  in  the  river  from  time  to  time. 

-  3  - 
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■■  The  co^erciaT  gravel  deposits  as  'found  in  ^lace  vary  greatly  Voth  in 
deptli  and  area.  In  a  distance  of  lOO'feet  laterally  a  good  coarse  gravel 
deposit  may  change  to  a  har  of  fine  sand.  ’  ’  '  " 

In  addi'tion'  to- the  underwater  deposits  operated  ■by  the  co'mpany'  it  owns  - 
two-  islands  •  in  thfe 'fiver.  ’■•These  islands 'have  been  tested  hy- churn' drilling  ' 
and  the  gravel  beds  contained  in  t^idm  have  been  shown  to  vary  considerably.'  " 
The  gravel  itself  varies  from  20  tp  50  feet  in  vertical  thickness  and  is  over¬ 
laid  with  from  5  tP'  20  feet  of^sand.'  '  This  in  turn  is  covered  with  5  td  20 
feet  of  silt'or  river  mud. ‘'"‘'Ihe  '  larger  of  these  islanas  comprises  225  acres  and' 
is  estimated  to  contain  over  16,000,000  tons  of  sand  and  gravel. 

Within  the  gravel  beds  on  the  islands  is  a  stratum  of  heavy  blue  clay 
from  12  to  18  inches  thick.  'This  clay  strat^um  causes  trouble  in  that  when  dug 
up  with.ihe  gravel  it  does  npt  disintegrate  but  forms  clpy  balls  which  are 
difficult  to  separate  from  ^he  gravel.. 

In  the  early  land  ^rariljs  the  bpttdm  of  the  Ohio  River  belonged  to  the 
owner  of  the  Kentuc]^  shore.  ,/Ihis,  limit 'was  defined  as  continuing  under  the  ■■'’" 
river  to  the  low-water  . mark  on' the  Indiana  shore."  In  most  cases  surveys' have 
defined  just  where  this  Ibw-vyater  mark.  ends.  The  system  of  Federal 'dams  in  ’ 
thp  riyer  has  in  many  i'nstahces  permanently  raised  the’'established  low-water  ' 
mark  on  the  Indiana  shore  by  inundating^  considerable  area.  'This  inunaatidn 
however  has  not  changed* the  ownership  of  the  flooded' area,  all  this  area  be¬ 
tween  the ,  low-water  marie  as  established  by  surveys  and  the  present  shore  line 
belongs  to  the  Indiana  owner.'”' Therefore,  Inaiaria  land-'owners  have -been  able 
to  exploit  these  flooded  gravel  deposits, by  dredging ^ since  the  completion  of  ? 
the  dams.  ’  '  '  ■  ••■■'•  i. ■.■:.-■  .  . ,  •: 

.  ,  .COFdITIOlJIS  .J^FEC’TING  RRED&IRG  OREfiAiTOiJS 

At  present  the  recover.y  of  gravel  is ,  complicated  by  the  condition  of- 
the  river  bottom  as  left  by  former  dredging  operations.  '  'The  formerly  used 
clamshell  and  pump  dredges  excavated  shallower  holes  than  the  present  type  of- 
ladder  .dredge.  Rump,  suctions,  as  they  dug,,  cut  inverted  conical  openings  in 
the  bottom  with  tops  .widening  as  the  pump  went,  deeper.  Ihis  caused  Caving  and 
as  the  sides  caved  an  increasing  number  'of  b'owlders  collected  at  the  suction  ‘  ' 
intake.  This  accumulation  finally  blocked  the  suction. and  the  dredge  w.as 
forced  to  move.  Thi?  meant  the  gravel..was  recovered  from  a  series  of  holes 
which  inmost  cases  did  not  extend  to . the .bottom  of  the'gravel.  Considerable 
of  the  present  dredging  is  over  this  ■uneven  bottom  from  v/hich’ the  commercial 
material  has  .been  only- partially  removed  and  in,. which  bowlders  are  fpu.nd  in 
troublesome  accumulations.  ;  'The^e  holes  have  also, been  more  of  less,  filled  l)y 
river  m.'ud  and  other  debris  depending -on  the  lengtl^  of  time  since  ‘  they  were  dug.' 

Where  'undist'urbed  the  upper  8  to  1C,,  feet  of  a  gravel  bed  will  usually 
be  found  to  contain  50  per  cent  sand  and  50  per  cent  gravel  while  that  below 
will  be  more  apt  to  r-un  75  per  cent  sand  and  25  per  cent  gravel. 


8731 


4 


I.  C.  6421 


The  ladder  type  of  dredge  was  adopted  hecauEe  it  afforded  a  means  of 
recovering  a  maximum  of  gravel,  with  a  single  passage  over  the  bar.  It  will 
also  operate  with  less  delay  in  bottoms  that  have  been  woriced  over  by  other 
types  of  dredges  and  the  acouraulated  bowlders  found. therein  offer  little  diffi¬ 
culty  to  the  ladder  buckets.  A  further  reason  for  the  choice  of  the  ladder 
type  over  the  centrifugal  pump  dredge  is  its  more  economical. use  of  power.  The 
centrifugal  p-am.p  must  handle  from  80  to  90  per  cent  water  with  only  10  to  20 
per  cent  solids  in  its  delivery.  'This  m^eans  the  expenaiture  of  a  large  quan¬ 
tity  of  pov/er  for  moving  water,  which  is  immediately  discharged  to  the  river 
again.  In  hard-bedded  gravel  the  gravel  must  often  be  broken  up  ahead  of  the 
suction  by  means  of  a  cutter  head.  This  requires  further  pov/er.'  The  ladder 
buckets  do  not  require  any  prior  cutting  of  the  banlc  and  deliver  the  gravel 
with  a  minimum  of  water,  thus  allov/ing  the  power  to  be  expended  directly  for 
the  recovery  of  gravel  without  excessive  waste. 

■*  •  S.  ■■  '  ■  '  .  '  J 

t  ■  «  .  ,  ' 

This  type  of  dredge  is  necessarily  of  larger  size  and  requires  much 
larger  capital  investment.  On  the  other  hand  the  capital  investment  per  ton 
of  productive  capacity  is  probably  on  a  par  with'  other  types  of  dredges,  while 
the  pov/er  expenditure  'and  labor  cdst  per  ton  of  material  recovered  are  less. 

No  accurate  data  is  available  regarding  the  ratio  of  recovered  sand  and 
gravel  to  the  tonnage  dug.  'The  reason  for  this  is’  the  variation  in  the  material 
in  the  bars.  At  one  place  the  gravel  (3/8  to  2  inches)  will  compo’se  30  per  cent 
of  the  material  dug  with  roiighly  one  per  cent  oversize  and  the  balance  sand. 

At  another  point  the  ratio  may  be  .60  per  cent  gravel  and  40  per  cent  sand  and 
at  still  another  point  one  may  find '25  per  cent  gravel  and  75  per  cent  sand. 

'■  [  "  PROSPECTINO  ■  ■ 

'  Because  of  the  erratic  and  constantly  changing  characteristics ‘ of  the 
gravel  beds  prospecting  in  advance  of  actual  digging  is  of  little  use.  A 
locality  prospected  one  year  and  found -to  contain  a  bed  of  good  gravel  may  the 
year  following  be  covered  with  such  an  accumulation  of  drift  and  debris  as  to 
maice  it  unworkable,  or  the  gravel  may  have  been  removed  by  changing  river 
currents. 


'dhere  deposits  can  be  reached  above  water  level  they  are  prospected  by 
churn  drills. 

'The  usual  practice  in  examining  the  river  bottom  is  to  sound  with  iron 
bars  or  pipes.  By  this  method  the  operator  can  obtain  some  idea  of  the  depth 
of  silt  or  fine  sand  overlying  .the  gravel  or  the  presence  of  gravel  itself  on 
the  river  bottom. 

Pinal  prospecting,  however,  is  done  by  setting  a  dredge  over  the  loca¬ 
tion  and  actually  digging.  The  material  dug  is  examined  for  quality  and  ratio 
of  sand  to  gravel.  If  not  of  commercial  grade  the  dredge  is  m.oved  to  another 
locality. 
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'■  ■  ■  ,  ^^TKODS  OF  SMPlING 

Sampling  of  deposits  is  not  practiced  except  by  visual  examination  of 
the  material  as  brought  up  by  the  dredge  buckets.  .  r. 

Marketable  material  is  sampled  and  sent  to  customers  for  test  as 
required. 

^  *  • 

CHOICE  OF  METHOD  ; 

4  •  ■  '  . 

Since  all  the  gravel  bars  lie  below  water  level  and  are  erratic  in 
both  area  and  depth  the  only  practica,!  method  of  operation  is  some  form  of 
dredging. 

The  original  installation  of  clamshell  and  centrifugal-pump  dredges 
has  been  superseded  by  the  present  ladder  dredges  for  reasons  already  discussed. 

Since. gravel  seldom  extends  more  than  55  feet  below  the  water  level  the 
dredges  were  designed  to  operate  at  this  maximum  depth. 

'These  dredges  are  designed  and  constructed  to  form  cpmplete,  floating, 
washing  and  screening  plants  although  no  provision  is  made  on.  them  for  storage 
of  finished  material.  In  addition  they  are  provided  with  living  quarters  for 
their  crews.  ■  '  ,  ,  .  ■ 

In, brief,  the  method  of  operation  is  to  dig  the  gravel  by  a  rigid 
ladder  or  continuous  bucket  elevator.  ‘This  discharges  the  material  as  dug  into 
a  hopper  in  which  it  is  mixed  with  a  sufficient  quantity  of  wash  water.  It 
then  passes  to  trommels  wherein  the  sand  and  larger  bowlders  are  removed  from 
the  gravel.  The  bowlders  are  discharged  through  chutes  into  the  river  but  the 
sand  and  gravel  go  to  separate  sumps  or  tanks.  From  the  sumps  the  gravel  is 
raised  by  bucket  elevator  to  discharge  over  a  series'  of  sizing  screens  of  such 
aperature  as  the  m.arket  sizes  require,  iifter  passing  these  screens  the  gravel 
is  discharged  thro\igh  chutes  or  on  conveyor  belts  to  barges  moored  alongside 
the  dredge. 

The  sand  is  picked  up  from  its  sump  by  a  second  elevator  and  discharged 
to  barges  on  the  opposite  side  of  the  dredge  or  wasted  to  the  river  as  market 
requirements  demand. 

When  the  barges  are  loaded  they  are  towed  by  river  steamers  to  the 
storage  plant  on  the  river  bank  at  Louisville. 

The  gravel  is  partly  washed  in  the  digging  operation,  vvashing  con¬ 
tinues  through  all  the  screening,  operations  so  that  when  discharged  to  the 
barges  all  silt  and  mud  have  been  removed.  This  silt  and  mud  pass  back  to  the 
river  with  the  excess  wash  water. 

No  further  sizing  is  practiced  at  the  storage  plant  at  Louisville. 

-  6  - 
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excavating 

There  are  two  dredges  in  operation.  The  older,  designated  as  No.  4 
Digger,  is  a  steel-hiilled  ladder-typje  dredge  designed  and  built  by  the  Dravo 
Contracting  Co.  of  Pittsburgh,  Pa.  An  ‘elevation  and  plan  of  this  dredge  are 
shown  in  Figures  1  and  2. 

The  digging  n>echanism  consists  of  an  endless  bucicet  elevator  in  which 
the  buckets  themselves  form  the  links  in  the  chain.  'This  elevator  is  mounted 
on  a  heavy  rigid  structural- steel  frame  hinged  at  the  upper  or  discharge  end 
and  working  through  the  center  line  of  the  hull.  ‘The  lower  or  digging  end  is 
raised  and  lov/ered  at  the  will  of  the  dredge  operator  by  m.eans  of  "multiple 
blocks  and  cable  operating  through  a  steam-driven  hoist  on  the  main  deck.  The 
operator' s  station  is  placed  so  he  has  an  unobstructed  view  of  the  ascending 
buckets.  When  digging  is  interrupted  by  the  buckets  encountering  heavy  debris, 
such  as  sunken  tree  trunks,  the  operator  can  raise  or  lower  the  ladder  by 
simple^  manipulation  of  the  control  levers.' 

The  buckets  discharge  intO'  a  steel  hopper  supported,  by  the  steel  super- 
struct\ire,  and  the  gravel  is  fed  by  gravity  to  a  trommel  having  2^-inch  round 
openings.  Surrounding  the  trommel  is  a  jacket  screen  with  l/8-inch  openings. 

To  prevent  blinding  this  jacket',  steel  rollers  are  arranged  to  ride  the  out¬ 
side  as  the  screen  revolves.  ' 

Oversize  material  which  will  not  pass  the'  25-inch  openings  is  dis¬ 
charged  into  the  river  as  waste.  There  is  not  sufficient  of  this  material 
found  to  warrant  the  installation  of  a  crusher  to  reduce  it  to  commercial -size. 

xhe  sand  and  gravel  passing  the  25-inch  openings  but  retained  on  the 
l/8-inch  screen  are  chuted  to  the  boot  of  a  continuous  bucket  elevator  similar 
in  constructibn  but  smaller  in  size  than  the  ladder.  This  elevator  discharges 
over  two  double-deck  vibrating  screens.  The  mesh  of  these  screens  is  varied 
from  time  to  time  to  produce  the  desired  market  sizes. 

Material  passing' 3/8-inch  round' bpenings  is  designated  as  sand  and  is 
delivered  from  the  vibrating  screens  through  conveyors  or  chutes  to  the  river 
as  waste  or  to  a  barge  moored  alongside  the -digger  depending  on  the  demand  for 
coarse  sand. 

Material  passing  the  l/8-inch  jacket  screen  drops  to  a  second  con¬ 
tinuous  bucket  elevator  which  discharges  to  'a  chute  over  the  side  of  the  digger. 
This  discharge  is  also  either  chuted  to  waste  in; the  river  or  to  a  barge  as  fine 
sand.  The  arrangement  is  such  that  this  fine  sand  is  discharged  on  one  side  of 
the  digger  while  the  coarse  sand  and  gravel  are  discharged  on  the  opposite  side. 
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Both  secondary  elevators  dig  their  material  from  steel  tanks  in  which 
the  sand  or  gravel  is  deposited  from  the  trommel.  I'he  constant  agitation  of 
the  water  arid  sa^id  ,Qr  gravel  in  these  tanks  by  the  moving  elevator  bucicets 
keeps  the  fine  mud 'and  silt ‘in  suspension,  and  they  pass  off  in  an  overflow 
from  the  tank!  fhe  elevators  thus  carry  comparatively  clean  'sand  or  gravel  "to 
the  vibrating  screens  or  barges.  ' 

However,  ‘further  rinsing  is  -provided  by  additional  wash -water  playing 
on  the  screens  as  the  material  is  sized.  '•  ' 

Ordinarily  a  coarse  and  a 'fine  gravel  are  made  as  well  as  two  sizes  of 
s  and «  i  ' 

By  a  system  of  convej^ors  the  two  sizes  pf  gravel  can  be  loaded  into 
the  same  barge  or.  into  separate  barges  at  the  will  of  the  operator., 

•  '  -  I  , 

The  No.  4  digger  is  steam  driven  and  in  average  digging  has  a  capacity 
of  500  tons  per  hour.  Production  at  this  rate  requires  the  handling  of  8,000 
gallons  of  wash  water  per-, minute  or  roughly  1,0Q0  gallons  per  ton  of  material 
handled.  . 

The  second  dredge,  l-oiown  as  the  Keptuci^,  ;is  'also  a  steel-lqulled 
ladder- type  dredge  designed  and  built  by  the  Bravo  Contracting  Co.'  Since  this 
dredge  represents  more  miodern  construction  it  will  be  described  in  more  detail, 
and  is  illustrated  in  Figures '3  and  4. 

The  hull  is  of  57l6-inch  mild  open-hearth  steel  plate,  155  feet  long 
by  44  feet  wide  and  8  feet  deep,  fitted  with  suitable  transverse  and 
longitudinal  fram.es,  and  bulkheads.,  , 

The  digging  ladder  is, built,  of  plate  and  angle  sections.  It  is  88 
feet  in  length  and  provides  a  digging  depth  of  55  feet  belov;  the  water  line. 

A  ten-part  line  running  over  sheaves  in  the  bail  and  bow  gantry  provides  means 
for  raising  and  lowering  th'e  ladder.  'The  ladder  is  fitted  with  86  cast-steel 
buckets  of  4  l/3  cubic  feet  capacity  each.  These  are  fitted  with  heat-treated 
steel, „pins  and  manganese-steel  bushings.  'The  buckets  travel  at  a  speed  of  53 
buckets  per  minute,  corresponding  to  a  digging  capacity  of 'dOO  tons  per  hour. 

'The  ladder  buckets  deliver  their  load  of  material  to  a  hopper  built ,  of 
3/8  and  I  inch  steel  plate  fitted  with  cast-steel  harp  (grizzly)  bars  to  pre¬ 
vent  the  entry  of  .oversize  material.  ‘These  are  spaced  at  6-inch  intervals  and 
set  .at  such  an  angle  that  bowlders  will  move  by  gravity  to  the  lower  end  and 
fall  into  the  waste  well.  Cleaning  bars  operated  by  sm.all  steel  cylinders  are 
also  provided  to  assist  the  oversize  material  on  its  way  to  the  waste  well. 
These  cleaning  bars  are  under  the  control  of  the  dredge  operator. 


8731 


8 


% 


lTowO'»C*«».K 


HKC>..>4M>rDw«g 


sQiL.^.T>oVoi-f  nso'^TPH, 


M8M 


Xfcwjiafciam* 


■Uou- 


».s¥»»'n>cwm 


C<».c.^a»TTT\n»» 


■PvjK^P  ?tOO«>-».W  IQQ^. 


Figure  3.-  Elevation  of  dredge  Kentucky 


StcTxpNlHnu  HuMt-^gpScgm^a 

KrT 


Figure  4.-  Plans  and  section  of  dredge  Kentucky 


9 


I. 


6421 


The  material  discharges  by  gravity  to  a  steel  washing  tanlc  from  which 
it  is  elevated  hy  a  bucicet  elevator  having  4  cubic  feet  buckets  and  discharged 
to  a  24-foot  rotary  scrubber  6  feet  in  diameter  fitted  with  a  13-foot  jacmet 
9  feet  in  diameter. 

The  first  7  feet  of  the  scrubber  has  l^-inch  round  perforations. 

The  next  6-foot  section  is  a  solid  plate  fitted' with’lif ting  angles  for 
the  purpose  of  lifting  the  gravel  and  lettihg  it  fall  and  thereby  providing 
more  thorough  washing. 

The  third  section,  7  feet  long,  has  a  screen  with  25-inch  perforations. 

The  outer  screen  or  jacket  has  5/8-inch  round  openings. 

vVash  water  at  high  pressure  is  applied  on  all  sections  of  the  scrubber. 

All  m.aterial  passing  through  the  screens  of  the  trommel  passes  over  a 
flat  steel  pan  where  it  is  again  subjected  to  the  cleansing  effect  of  high- 
pressure  wash  water.  From  this  pan  the  sand  and  gravel  passes  to  a  second 
steel  washing  tank  fitted  with  a  suitable  overflow  for  excess  wash  water  and 

suspended  mud  and  silt.  This  overflow  discharges  to  the  river. 

'  *  » 

Oversize  material  from  the  trommel  is  discharged  into  the  river. 

I  .  •  e 

The  washed  sand  and  gravel  in  the  washing  tank  is  elevated  by  a  bucket 
elevator  having  buckets  of  4  cubic  feet  capacity  each.  The  bottom  spool  can  be 
raised  or  lowered  at  will'.  These  buckets  are  of  similar  design  and  material 
as  the  digging  ladder  buckets  except  as  to  size. 

'This  elevator  delivers  the  material  to  a  3-way  distributing  hopper 
feeding  9  Tyler  H-uraner  screens  operating  in  parallel  sets.  The  upper  6  screens 
are  3/8  by  5  inch  wire  mesh  and  the  lower  three  5/8  by, 5/8  inch  v/ire  mesh. 

The  product  passing  through  the  first  6  screens  moves  to  3  'Tyler 
Hummer  screens  fitted  with  3/l6  by  §  inch  wire  mesh.  The  oversize  and  under¬ 
size  from  this  set  of  screens  are  dropped  to  bucket  elevators  and  elevated  to 
chutes  discharging  to  barge  or  river  as  desired.  'That  material  passing  over  • 
the  5/8  inch  Humm.er  screens  drops  to  a  4  by  8  foot  Simplicity  mechanically- 
vibrated  screen,  where  it  is  drenched  with  final  wash  water  before  its  dis¬ 
charge  to  the  gravel  barge. 

The  main  conveyor  drain  plates  are  lined  with  5/l6-inch  rubber 
vulcanized  to  l/8-inch  steel  plate.-. 

i.  ■  '  '  •  '  ' 

Gathering  pans  for  sand  and  all  sand  hoppers  and  chutes  are  lined  with 
3/8-inch  rubber  vulcanized  to  l/8-ineh  steel  plate. 

-  9  - 
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The  two  sand  elevators  are  designed  for  a  capacity- of  from  30  to  60 
per  cent  of  the  digging  capacity.  I'he  capacity  is  regulated  hy. changing  the 
speed  of  the  elevator. 

.  Ihe  main  laader  engine  is  a  150-hp.  ,  16  by  16:' inch  Uhif low  condensing 
engine  operating  at  200  r.p.m.  This  engine  transmits  power  through  a  6-ply 
balata  belt  to  the  transmission  shaft.  The  digging  ladder  is ‘operated  by  two 
sets  of  gears  fron;  the  transmission  shaft.  This  engine  drives  the  ladder, 
rotary  scrubber,  and  two  main  elevators.  ■  ’ 

The  rotary  scrubber  is  operated  from  the  main  ladder  drive  through 
sprockets  and  chain  and  two  pairs  of  bevel  gears.  The  main  conveyors  are 
operated  throug-h  sprocket  and  shaft  and  sets  of  spur  gears. 

‘  ■  The  engine  driving  the  high  and  low  pressure  centrifugal  pumps  and  the 
generator  is  similar  to  the  main  ladder  engine,  but  running  at  230  r.p.m. 

The  two  sand  elevators  are  driven  by  individual  electric  motors  through 
speed  reducers. 

Wash  water  is  provided  by  a  12-inch  centrifugal  pump  operating  at  900 
r.p.m.  against  a  head  of  100  feet  and  delivering  2,400  gallons  per  minute;  a 
10-inch 'centrifugal  pump  operating  at  900-  r.p.m.  against  a  head  of  40  feet  and 
delivering  1,600  gallons  per  minute;  and  a  6-inch  centrifugal  pump  operating  at 
400  r.p.m. 

The  first  two  pumps  are  belt  driven  from  the  auxiliary  engine.  The  6- 
inch  p-ump  is  direct  connected  to  a  single-cylinder  vertical  Engberg  steam  engine 
with  4- inch  bore  and  4- inch  stroke. 

'  , 

Steam  is  furnished  by  two  vertical  fire-tube  boilers  of  150-hp. 
capacity  each.  They  are  6  by. 21  feet  in  sice  and  fitted  with  188  2g-inch 
tubes  14  feet  long.  The  boilers  are  designed  for  170  pounds  steam  pressirre 
and  are  provided  with  baffles  in  the  upper  part  of  the  steam  drum  to  obtain  a 
high  superheat. 

The  ladder  hoist  is  a  single-drum,  double-reduction,  reversible  steam 

engine. 

■Two  double-cylinder,  double-gear  reduction  steam  engines  are  provided 
for  raising  the  stern  spuds.  ' 

There  are  two  warping  engines,  one  on  each  si’de  of  the' boat.  ‘They  are 
four-drum,  double-reduction,  two-cylinder  steam'  engines.  These  engines  also 
drive  separate  drums  through  another  set  of  gears  for  hoisting  the  bow  spuds. 

The  spuds  are  36  by  36  inches  by  '66  feet  in  size,-  built  of  g-inch  steel 
plate  and  8  by  8  by  g  inch  angles. 

f 
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The  electrical  eauipirent  consists  of  a  vi/'estinghouse  Electric  50-kw.  , 
250-volt,  200-aiiip,  generator  operating  at  1,150  r.p.m.  and  a  3g-kw,  ,  16-airp.  , 
220-volt  generator  direct  connected  to  a  single-cylinder  Engberg  steam  engine 
with  4f-inch  bore  and  4-inch  stroke  operating  at  505  r.p.m. 

The  usual  complement  of  auxiliary  machinery  and  equipment  suitable  to 
this  type  of  dredge  is  provided,  including  a  well-equipped  but  small  machine 
shop. 

Large  well-equipped  quarters  ai'e  provided  for  the  crew  and  a  complete 
commissary  and  dining  room  is  also  a  part  of  the  accommodations. 

TRiiNSPORTATION 

Both  No.  4  Digger  and  the  dredge  Kentucky  are  served  by  the  steamer 
Duffy  and  20  steel  barges  of  650  tons  capacity  each  (fig.  5). 

'The  Duffy  is  a  flat-bottomed,  steel-hulled,  stern-wheel  river  tow  boat, 
25  by  135  feet  overall  v;ith  a  depth  from  deck  to  bottom  plates  of  5  feet  and  a 
draft  of  3g  to  4  feet. 

She  is  powered  by  three  fire- tube  marine  boilers  38  inches  in  diameter 
by  26  feet  long,  each  having  six  6-inch  tubes,  'i'hese  boilers  provide  steam  at 
240  pounds  pressure  to  operate  the  driving  engines  and  all  auxiliary  pumps  and 
machinery. 

The  driving  mechanism  consists  of  two  noncondensing  Hegewald  steam 
engines  with  15-inch  cylinders  and  4|-foot  stroke.  The  pistons  are  direct- 
connected  to  the  cranks  operating  the  stern  paddle  wheel,  one  engine  on  each 
side. 


The  usual  complement  of  boiler-feed  pumps,  steam  winches,  and  capstans 
is  present  and  in  addition  the  steamer  carries  three  light  plants.  One  is  a 
Pyle  National,  13-ampere,  120-volt  generator  direct  connected  to  a  small  steam 
turbine  and  is  used  for  emergency  or  for  such  lighting  as  is  needed  during  day- 
1 ight . 


A  Delco  lighting  plant  is  provided  to  operate  a  refrigerating  plant. 

A  Troy,  single-cylinder,  8-hp. ,  steam  engine  belted  to  a  Willey 
Electric  8^-kw, ,  120-volt,  66-amp.  generator  provides  current  for  powerful 
search  lights  and  general  lighting  for  night  operation. 

The  steamer  is  provided  v/ith  Gardner  steam-driven  steering  gear. 

The  Duffy  can  pull  10  loaded  barges  down  stream,  at  a  speed  of  about  3 
miles  per  hour.  Running  light  she  has  a  speed  of  about  8  miles  per  hour. 
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A  full  doutle-shif  t -crew  consists  of,  13  men -but  9nly.,6  men  are  re¬ 
quired  for  daylight  running.  .•  _  '  . 

.  x.  .  *  «  .  .  .  .  .*  ,  •»  .  .  ... 

(.quarters  are  proy,ide,d  on  hoard -.f or  the  crew  and  in  addition  a  complete 
kitchen  and  hoarding  equipment. 


•  ■  .  SrOAAGE  PLANT  ’ 

Sand  and  gravel  brought  from  the  dredges  in  steel  barges  is  moored  to 
the  river  bank  at  Louisville,  while  the  tow  boat  returns  the  einpty  barges  to 
the  dredges.  '  '' 

Loaded  barges  are  manipialated  under  the  unloading  equicment  by  means 
of  a  double-drum  'Thomas  hoist  engine  installed  on  a  steel-hulled  landing  barge 
or  pump  boat.  Ihis  hoist  is  operated  by  steam  at  100  pounds  pressure  furnished 
by  a  150-hp.  ,  marine^rtype ,  water-tube  boiler  also  located  on  the  pump  boat.. 

This  boat  is  Kept  moored  at  the  landing  and  serves  as  a  landing  dock  or  float¬ 
ing  wharf  over  which  supplies  are  moved  to,  the  tow 'boats,  ks  the  rxame  implies, 
it  also  supplies  power  for  pumping- water  from  leaking  or  floodea  barges.  '  For 
this  purpose  steam  from  the  boiler  is  used  in  steam-ejector  !,puraps. 

by  means  of  the  double-drum  hoist  loaded  barges  .can  be  moved  in  either 
direction,  spotted  in  position  for  unloading,  and  moved  as  unloading  proceeds. 
'The  empties  are  removed  and  replaced  by  loaded  barges  by  the  same  power.- 

Gravel  is  unloaded  by  a  Lrow'n-Koist  bridge  crane  equipped  with  a  3^- 
cubic  yard  clamshell  bucket.  This  crane  is  of  steel  construction,  cantilever 
type,  with  an  overall  .r,each  of  200  feet.  The  crane  is  stationary  and -all 
barges  must  be  spotted  Under  it...  * 

Paralleling  the  river  and  underneath  the  crane  is  a  railroad  spur 
track  on  which  cars  are  spotted  for  direct  loading  from'  the  barge  when 
necessary.  Ordinary  procedure'  however,'  involves  discharging  the  crane  bucket 
to  a  steel  hopper  of  25  cubic  yards  capacity  located  between  the  spur  and  the 
river  banK.  ' 

The  hopper  delivers  the  material  to  a  36-inch  rubber  conveyor  belt 
through  a  48-ineh  steel  pan  feeder  operated  through  an  eccentric.  This  belt 
travels  at  240  feet  per-  minute  and  discharges  either  direct,  into  railway  equip¬ 
ment  on  the  spur  after  passing  over  a  weightometer,  or  over  a  sha.ping  screen 
with  ^-inch  slotted  openings  to  a  second  3.6-inch  rubber  conveyor  belt. 

The  first  belt  is  about  75  feet  long  and  operates  on  an  incline  of  18 

per  cent.  Vihen  discharging  over  the  screen  to  the  second  conveyor  tlie  gravel 
is  subjected  to  a  final  rinsing  by  a  stream  of  water  playing  on  the  gravel  as 
it  passes  over  the  screen.  'The  screen  is  actuated  by  an  eccentric  driven  from 
the  head-pulley  shaft  of  the  first  conveyor.  Wash  water  and  sand  are  returned 
to  the  river.  The  initial  conveyor  is  driven  by  a  10-hp.  electric  motor 
operating  on  440-volt,  alternating  current. 
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'The  second  or  main  conveyor  is  36  inches  wide  and  600  feet  long  and 
runs  up  an  18-per  cent  grade  for  75  feet  and  level  for  the  balance  of  its 
travel  except  as  it  rises  to  pass  over  the  tripper.  This  belt  is  driven  by  a 
35-hp.  motor. 

* 

'Ihis  main  conveyor  delivers  through  a  double-discharge  tripper  to  either 
of  two  shuttle  conveyors  set  at  right  angles  to  the  main  conveyor.  , 

:■  The  shuttle  conveyors  are  driven  by  .12-hp.  motors.  The  belts  are  36 
inches  wide  and  125  feet  long  and  are  reversible  in  direction.  Running  in  one 
direction  No.  1  shuttle  delivers  through  a  movable  tripper  to  a  series  of  7 
concrete  bins  each  of  which  holds  500  tons.  These  are  used  as  gravel  bins  and 
separate  such  gravel  sizes  as  have  been  made  on  the  dredge.  No  attempt  is  made 
to  resize  or  grade  aither  sand  or  gravel  except  on  the  dredge. 

.  "l  •  .  '  *  .  .  .  • 

Delivery  from  these  bins  is  to'auto  trucics  through  hand-operated  flat 
horizontal  gates. 

Operating  in  reverse  direction  this  shuttle  conveyor  deliver?  gravel  to 
a  ground  storage  pile.  _  .  , 

The  No.  2  shuttle  conveyor  is  also. reversible  in  direction,  aelivering 
-to  ground  storage  in  one  direction  and  to  6  concrete  bins  of  350  tons  capacity 
each  in  the  other  direction.  This  shuttle,  is  used  to  deliver  sand  to  the  bins 
or  gravel  or  sand  to  storage,  as  may  be  required.  "The  bins  store  the  fine, 
medium,  and  coarse  sand  as  delivered  by  the  dredge  and  discharge  to  auto  trucics. 

■  '  Either  of  these  shuttles  can  discharge  direct  to  railway  cars  on  a  spur 
running  below  them  and  paralleling  the  main  conveyor. 

'The  No.  2  shuttle  conveyor  also  delivers  material  beyond  the  sand  bins 
to  a  fifth  conveyor^ 24  inches  wide  which  in  turn  delivers  to  either  of  two  24- 
inch  by  260-f.oot  storage  conveyors  which  discharge  to  ground  storage. 

In  reverse  direction  this  shuttle  delivers  to  an  eighth  conveyor  24 
inches  by  150  feet,  which  also  discharges'  to  gro\ind  storage. 

Either  sand  or  gravel  may  be  handled  by  these  conveyors  as  exigencies 
may  require. 

Centrally  located  near  the  main  conveyor  is  the  control  room  from  which 
all  belts  may  be  operated  or  controlled,  .n.11  belts  may  be  instantly  stopped  by 
push-button  control  from  the  control  room  or  from  points  located  at  30-foot 
intervals  throughout  the  system.  The  first  belt  carrying  material  from  the 
hopper  under  the  bridge  crane  may  be  operated  either  from  the  crane  or  from 
the  control  room. 
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All  belts  are  driven  by  separate  motors  operatirig  on  440-volt,  alter¬ 
nating  current, 

'Ihe  two  long  storage  belts  are  run  by  25-hp.  motors  and  the  short 
storage  belt  is  operated  by  a  15-hp.  motor. 

All  36-inch  belts  operate  at  a  speed  of  240  feet  per  minute  and  the 
24-inch  belts  at  320  feet  per  minute. 

The  system  has  a  capacity  of  350  tons  per  hour  and  is  lighted  so  it 
can  be  operated  day  or  night.  .  . 

A 

The  yard  has  a  capacity  of  150,000  tons  of  sand  and  gravel  in  ground 
storage  and  in  addition  the  railway  spurs  will  hold  35  60-ton  cars  (see  fig,  6X 

Cars  spotted  on  the  river  spur  are  moved  by  a  double-drum  Thomas  ele¬ 
vator  hoist  and  Ig-inch  cable  controlled  by  the  crane  operator.  'This  hoist  is 
powered  by  a  75-hp.  motor  and  can  handle  15  loaded  cars  at  one  time.  All 
chutes  discharging  material  from  trippers  are  lined  with  rubber.  These  rubber 
linings  have  been  found  to  outlast  an  equal  thickness  of  steel  plate  many 
t ime  s . 

A  gasoline-driven  caterpillar  crane  loads  railw'ay  equipment  from 
storage  piles.  This  crane  is  equipped  with  a  g-yard  clamshell  bucket. 

For  wagon  or  truck  loading  from  storage  the  yard  is  equipped  with  4 
Barber-Green  gasoline-driven  portable  loaders  mounted  on  caterpillar  traction. 

These  loaders  are  capable  of  delivering  from  storage  1  ton  per  minute  each. 

There  is  also  provided  a  Green  slip  scoop  or  drag  bucke.t  of  l^-  cubic 
yards  capacity  for  loading  railway  cars  from  storage.  This  is  equipped  with  a 
Thomas  elevator  hoist  powered  by  a  75-hp.  motor. 

The  bridge  crane  is  also  used  in  transferring  heavy  machinery  from 
shore  to  river  equiument  and  has  a  capacity  of  10  tons.  The  crane  is  powered 
by  three  separate  motors,  one  for  hoisting,  one  for  closing  and  one  for 
travel.  All  are  of  150  hp.  and  interchangeable. 

For  city  delivery  the  company  maintains  a  fleet  of  10  Mack  and  Vvhite 
5-ton  trucks,  all  of  which  are  garaged  in  one  corner  of  the  yard  which  is  600 
by  800  ft.  in  size  and  entirely  floored  with  concrete. 

In  one  end  of  the  garage  is  a  completely  equipped  machine  shop  wherein 
all  equipment  repairs  are  made  as  needed. 

In  unloading  barges  three  men  are  employed  to  clean  up  after  the  crane 

bucket. 
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All  storage  piles  are  confined  behind  9-foot  concrete  retaining  walls 
and  the  conveyor  supports  are  reinforced  concrete  v/ith  supporting  spans  of 
structural  steel. 


As  will  be  noted  in  the  above  description,  no  provision  is  made  at  the 
land  plant  for  rescreening  or  grading  either  sand  or  gravel.  Material  is 
merely  transferred  from  barges  to  storage  bins  or  railway  equipment. 


All  sizing  and  grading  is  done  on  the  dredges  and  ordinarily  two  sizes 
of  gravel  and  three  of  sand  are  made.  The  sand,  however,  is  graded  as  to  color 
also.  Some  of  the  deposits  produce  a  gray  sand  and  others  a  red  sand.  These 
are  handled  and  stored  separately  for  marketing  purposes. 


Personnel  and  wage  rates 


••  ...  ..  i 

Storage-yard  crew: 


1  crane  man,  caterpillar 
1  hopper  tender  . 

1  car  cleaner 
1  wagon  loader 
3  barge  tenders 
1  operator,  bridge  crane 
1  belt  operator 
1  electrician 
1  car  tender 


$6. 50 
4.00 
5.00 
6.  00 
4.00 
7.50 
5.00 
7.50 
4.00 


Steamer  Duffy: 


1  pilot 
1  engineer 

1  mate 

2  firemen 
1  cook 

Dredge  Kentucky: 

1  operatot 
1  engineer 

1  f ireman' 

2  deck  hands 
1  mate 

1  night  v.'atch 
1  cook 


10.00  and  board 
7.00  and  board 
4.75  and  board 
4'.  75  and  board 
3.00  and  board 


8.00  and  board 
7.75  and  board 
4.50  and  board 
4.00  and  board 
4.50  and  board 
4.00  and  board 
3.00  and  board 
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IJo.  4  Digger: 


1 

operator 

$8.00 

and 

board 

1 

engineer 

7.75 

and 

board 

1 

oiler 

4.00 

ahd 

board 

1 

fireman 

4.50 

and 

board 

2 

deck  ha,nds 

4.00 

and 

board 

1 

mate 

4.50 

and 

board 

1 

night  watch 

4.00 

and 

board 

1 

cook 

3.00 

and 

board 

COSTS 

Period  Covered  -  January  1  to  December  31,  1S27. 
Total  material  loaded: 


Digger  No.  4 
Digger  No.  5 


743,712  tons  (Ladder  dredge) 

73 , 554  tons  (Centrifugal-pump  dredge) 


Total  dug  817,266  tons 


Bridge  crane 


634,596  tons  (To  storage) 


Q-pe rating  Costs  Per  Dry  Ton  Pr oduced 


1 

1  Labor 

1 

Power 

Supplies 

Depreciation 

Total 

Per 

Per 

Per 

‘  ■  ■ 

'•Per 

Per 

Total 

ton 

Total 

ton 

Total 

ton 

Total 

ton 

Total 

ton 

Digging 

$ 

$ 

$ 

$ 

If 

$ 

$ 

#3  Digger 

7,061.85 

0.096 

1,692.72 

0.023 

4,168.51 

0.057 

2,974.75 

0.040 

15,897.83 

0.216 

#4  Digger 

22,424,75 

.03C 

10,759.26 

.015 

36,209.86 

.049 

22,036.57 

.029 

91,430.46 

.123 

Towing 

Str. Duffy 

11,480.05 

.014 

7,736.71 

.009 

3,377.80 

.004 

5,753.03 

.007 

28,347.59 

.034 

Storage 

18,841.30 

.030 

_ 

4,050.0C 

. 

.006 

30,727.35 

■  1 

.048 

11,234.58 

.018 

64,853.23 

.102 

Costs  are  shown  for  the  year  1927  rather  than  more  recent  figures  be¬ 
cause  during  that  year  the  dredging  eouipment  had  a  minimum  of  lost  time  and 
operating  costs  are  therefore  more  truly  representative  of  the  capability  of 
the  different  t5rpes  of  equipment. 

No.  3  Digger  was  a  centrifugal-pump  dredge  operating  a  10-inch  pump. 
'This  unit  has  since  been  abandoned  and  the  Kentucky  substituted. 
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Stimniary  of  Costs  in  Units  of  Labor 


Period  covered  -  Jan-uary  1  to  December  51,  1927. 


Digging 

Towing 

Storage 

Labor  (man-hours  per  ton) 

No.  5  Digger 

0.12 

No.  4  Digger 

.056 

Total  digging 

.044 

Steam.er  Duffy 

0.022 

Storage  yard 

0.061 

Total  man-hours  per  ton  dug 

.114 

Power 

Kw.h.  per  ton 

0.255 

Labor,  per  cent  of  total  cost  50.0 
Supplies  and  power,  per  cent  of  total  cost  49.5 
Depreciation,  per  cent  of  total  cost  20.7 
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1.  GRAVITATIONAL  METHODS 


METHODS  OF  REDUCING  GRAVITY  OBSERVATIONS 

By  Walter  D.  LamBert  .  . . 

Garlands  Beitrage  zur  Geophysik,  vol.  26,  No,  2,  1930,  pp.  185-188 

The  methods  for  reducing  gravity  observations  T7ill  vary  according 
to  the  purpose  for  which  the  results  are  to  he  used.  For  a  land  station  Prey's 
method,  recommended  hy  Kopfner,  would  give  approximately  the  actual  value  of 
gravity  at  a  point  within. th^  crust  directly  under  the  gravity  station.  A 
system  of  values  of  gravity  thus .derived  would,  however,  he  useless  either  for 
studying  the  inhomogeneities ,Qf . the  earth's  crust  or  for  determining  the  figure 
of  the  earth.  For  these. two  purposes  values  of  gravity  derived  from  the  poten¬ 
tial  for  external  space  are. needed. — Author's  abstract, 

DIE  HYPOTHESENJREIE  reduktion  und  numerische  verarbeitung 
DER  BEOBACHTETE];!  SCIH/ERICRAFTWERTE 

(THE  AHYPOTHETICAL  REDUCTION  AND  NUMERICAL  WORKING  UP 
OF  THE  OBSERVED  GMVITY  VALUES) 

By  F.  Hopfner  , 

Gerlands  Beitrage  zur  Geophysik,  vol.  25,  No.  4,  1930,  pp.  339-347 

From  the  results  of  gravity  measurements  and  in  connection  with  the 
formulas  of  Clairaut  and  Stokes,  the  face  6f  an  earth  plane  at  sea-level  may 
he  determined  synthetically  without  the  aid  of  the  hypothesis  of  distribution 
of  masses  inside  the  earth  crust.  Disputes  about  the  isostatical  distribution 
of  masses  inside  the- earth  crust  might  be  decided  "by  computing  with  this  method 
because  the  amo'.mt  of  the  undulation  becomes  known.— Author's  abstract.  - 

UEBER  EINS  ABSTIMI'jIVORRICHTUNG  DER  HALBSEKUNDENPENDEL 

'  STOldlATHSCHER  FORM 

(ARRANGSIvISNT  FOR  ADJUSTING- HALF- SECOND  PENDULUMS  OF  STtlrCKRATH  ' S  TYPE) 

By  M.  Ros singer 

Zeitschrift  fuer  Instinmentenkunde,  vol,  50,  No. '9,  1930,  pp.  552-554. 

Tn  order  that  the  "process  of  phase-opposition  oscillations" 
(Gegenschw ingungsverfahren)  may  be  used  success f\i].ly  during  practical  pendulum 
measurements,  it  is  desirable  that  the  periods  of  oscillations  of  two  pendulums 
swinging  in  opposite  directions  coincide  as  much  as  possible.  Therefore  the 
author  thought  it  necessary  to  provide  the  pendul-ums  with  an  arrangement  by 
which,  in  addition  to  the  adjustments  made  by  the  manufacturer,  the  observer 
can  make  accurate  adjustment  also. 

Such  an  arrangement  introduced  into  the  four-pendulum  apparatus  con¬ 
structed  by  the  Askania-V/erke  in  Bamberg  is  described  in  this  article. — W, 
Ayvazoglou. 
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UEBER  BEN  EINFLUSS  DES  .ERBIAGNETISCHEN  FELEES  AUF  DIE 
SCHWINOTGSZEITEN  VON  NICKELS TAHLPEiIDELN 

(the  influence  of  the  EARTIiMGNETIC  FIELD  ON  THE  TIME  OF 
OSCILLATIONS  OF  NICKEL  STEEL  PENDULUl^S) 

By  M.  Rossinger 

Zeitschrift  fiaer  Inst  rumen  tenkunde,  vol.  50,  No.  9,  1930,'  op.  551-552 

In  this  articlo  the. author  examines  the  influence  of  the  earthmagnetic 
field  on  the  time  of  oscillations  of  nickel-steel  pendulums  and  gives  the  re¬ 
sults  of  this  examination. — W..  Ayvazqglou. 

•■■■  2.  MAGI\IETIC  METHODS 

UEBER  DIE  iVlAGNETISCHE  EIGENSCHAFT  VON  GESTEINEN 
(ON  THE  MAGNETIC  PROPERTf  OF  ROCKS) 

By  J.  G.  Koenigsherger 

Terrestrial  Magnetism  and  Atmospheric  Electricity, 
vol.  35,  No.  3,  1930,  pp.  145-148. 

» 

The  topographical  magietic  effect  in  the  Alps'  and  in  the  Black  Forest 
are  given  approximately  hy  the  magnetic  induction  calculated  from  the  observed 
susceptibility;  the  same  is  true  according  to  Carlheim-Gyllenskdld  for  anom¬ 
alies  caused  by  the  magnetic  ore  of  Lapland.  But  Folgheraiter,  Brunhes,  David, 
and  Chevallier  could  explain  their  observations  only  by  remanent  magnetization 
of  the  rocks  studied.  The  author  has  therefore  studied  this  question  and  found 
that  all  rocks  have  remanent  magnetization,'  induced  during  cooling  between  450 
and  600°  c-,  which  is  for  intrusive  igneous  rocks  about  0.2  to  0.8  of  the  in¬ 
duction  (jjj;)  calculated  from  the  observed  susceptibility  and  the  total  inten¬ 
sity  at  this  time.  Many  intrusive  rocks,  especially  lavas,  have  a  hi^er  ratio 
— from  1  to  10.  This  high  ratio  must  be  explained  by  a  remanent  magnetization 
near  saturation  and  a  large  coercive  force;  the  available  inductive  suscepti¬ 
bility  at  20° 'C*  is  now  smaller  : than  was  the  corresponding  susceptibility  at 
the  hi^er  temparature  above  400°.  The  variability  of  this  ratio  suggests  a 
variability  of  some  physical  conditions,  for  example,  movements,  during  the 
time  of  cooling  at  the  temperature  at  which  magnetization  becomes  remanent. 

The  average  influence  of  the  remanent  ma^etization 'of  intrusive  and  of  many 
extrusive  rocks  at  some  distance  is  often  very  small,  while  the  direction  of 
the  magnetization  is  changing  rapidly,  as  was  proved  by  measurements  on  differ¬ 
ent  rocks.  The  absolute  value  of  susceptibility  (K)  and  of  the  remanent  mag¬ 
netization  (j)  is  often  not  constant  in  a  cube  of  4  to  7  centimetor  edge. 

This  inhomogeneity  U]^,  ugt  ^3,  and  the  anistropy  aj,  a3,  a3,  were 
also  measured  for  the  three  directions  of  a  cube  of  the  rock. — Author's  ab¬ 
stract. 
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EAETH  MOVEMENTS  AND  TERRESTRIAL  MAGNETIC  VARIATIONS 

By  RC3S  Gunn 

Terrestrial  Magnetism  and  Atmospheric 'Electricity, 
vol.  35,  No,  3,  1930,  pp.  151-156 

It  is  shown  that  a  general  contraction  of  the  earth  or  a  movement 
of  a  small  part  of  it  may  give  'rise  to’ appreciable  disturbing  magnetic  fields. 

The  movement  of  a  conducting  region  inside  the  earth  across  the  earth's  mag¬ 
netic  field  sets  up  electromotive  forces  which  may  produce  large  current  sys- 
terns.  These  current  systems  can  give  rise  to  the  observed  magnetic  variations 
if  the  conductivity  of  the  earth's  core  is  sufficiently  large,  ' 

r 

S^arlier  determinations  of  the  resistivity  of  the  earth's  core  are 
found  to  be  to  several  orders  of  magnitude  too  high,  due  to  the  neglect  of 
skin  effects.  It  seems  probable  that  the  electrical  time-constant  of  the 
earth's  core  is  not  less  than  1,000  years,  and  therefore  magnetic  diurnal  vari¬ 
ation  data  can  not  be  used  to  calculate  its  conductivity. — Author's  abstract. 

EARLY  DECLINATION  OBSERVATIONS.  KAMCHATKA  TO  BERING  STRAIT 

'By  VI-  N.  McEarland 

Terrestrial  Magnetism  and  Atmospheric  Electricity, 
vol.  35,  No.  3i  1930,  pp.  161-164 

This  article  contains  a  list  of  measurements  of  the  magnetic  declin¬ 
ation  at  23  points  along  the, Siberian  coast  from  Kamchatka  to  Bering  Strait, 
as  observed  by  the  officers  of  Bering's  expedition  of  1728  and  1729,  together 
with  a  declination  chart  of  the  region  based  on  the  observatAons . — Author's  ' 
abstract.  / 

LATEST  AIRIUAL  VALUES  OF  THE  MAGNETIC  ELEMENTS  AT  OBSERVATORIES 

By  J.  A.  Fleming 

Terrestrial  Magnetism  and  Atmospheric  Electricity,  ■  ■ 
vol.  35,  No.  3,  1930,  pp.  165-177 

Annual  values  of  the  magnetic  elements  observed  at  a  very  large  num¬ 
ber  of  observatories  (91)  scattered  all  over  the  world  are  compiled  by  the- 
author.  ■  '  ■ ,  , 

In  the  remarks  accoiigjanying  thei  list  the  author  notices  that  the  'un¬ 
even  distribution  of  magnetic  observatories  is  strikingly  evident  and  in  par¬ 
ticular  the  lack  in  the  southern  hemisphere,  especially  in  Africa  and  the 
oceanic  areas.  Locations  in  which  fully ' equipped  observatories,  which  would 
contribute  greatly  to  the  needs  of  research  in  terrestrial  magnetism,  should 
be  established  are  mentioned. — VI.  Ayvazoglou, 
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ms  13EUE  OBSERVATORlUIvl  IN  NIEMEGK 
(THE  NEW  OBSERVATORY  IN  NEBfflGK) 

By  A.  N.  Nippoldt 

Terrestrial  Magnetism  and  Atmospheric  Electricity, 
vol.  35,  No.  3,  1930,  pp.  160-181 

Tells  "briefly  of  the  installation  of  a  new  observatory  in  Niemegk 
with  its  directors  remaining  in  Potsdam,  The  old  "buildings  in  Potsdam  are 
transformed  into  geomagnetic  la"boratories.  The  new  o"bservatory  received  the 
name  "Adolf  Schmidt  O'bservatory  for  Earth  Magnetism"  in  commemoration  of  Prof. 
Adolf  Schmidt,  whose  seventieth  birthday  was  celebrated  on  the  day  of  the 
opening  of  the  observatory. — W.  Ayvazoglou. 

SUR  LES  PROPRIETSS  MAGNET iqUES  DES  ROCHES 
(ON  THE  MAGNETIC  PROPERTIES  OF  ROCKS) 

By  G.  Grenet 

Annals  Physique,  Paris,  vol.  13,  March,  1930,  pp.  263-348 

•'  f  Ah  abstract  of  this  article  is  published  by  H.  Harradon  in  the  Terres¬ 
trial  Magnetism  and  Atmospheric  Electricity,  vol.  35,  No.  3,  1930,  p.  183.  The 
abstract  reads  as  follows: 

The  first  part  of  the  paper  is  devoted  to  a  historical  sketch  in 
which  the  author  passes  in  review  the  work  of  the  principal  investiga¬ 
tors  who  have  occupied  themselves  with  the  study  of  the  magnetization 
of  rocks  and  summarizes  their  individioal  contributions  to  our  knowledge 
of  the  subject.  He  then  comments  critically  on  the  various  methods 
employed  for  determining  the  magnetic  susceptibility  of -rock  samples 
and  gives  a  detailed  description  of  the  two  instruments  selected  for 
his  own  measurements,  namely,  a  Curie- Gieneveau  balance  with  certain 
modifications  and  a  Hu^es  induction  balance  especially  adapted  to 
the  rapid  determination  of  the  coefficient  of  magnetization  of  rock 
samples  of  moderate  size.  The  use  of  this  latter  instrument  is  justi¬ 
fied  c-n  the  ground  that  the  eddy  currents  induced  in  the  samples  do 
not  vitiate  the  measurements  to  an  appreciable  extent. 

A  detailed  exposition  and  discussion  of  the  results  of  the  inves¬ 
tigations  are  given,  from  which  the  author  draws  the  following  conclu¬ 
sions:  (1)  Although  the  classification  of  rocks  used  in  petrography 
does  not  conform  to  a  classification  of  the  magnetic  properties, 
rocks  rich  in  ferromagnesian  constituents  are  in  general  more  mag¬ 
netic  than  rocks  poor  in  these  elements:  (2)  an  examination  of  thin 
sections  by  a  polarizing  microscope  shows  that  the  values  of  the  sus¬ 
ceptibility  observed  are  explained  by  the  magnetic  content  of  the 
respective  samples;  (3)  in  the  present  state  of  our  knowledge,  it  may 
be  assumed  that  magnetite  is  the  principal  magnetic  constituent  of 
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rocks  although  the  expefiments  of  various  investigators  seem  to 
prove  that  certain  rocks  contain  other  magnetic  substances  which 
are  revealed  by  their  C’arie  points;  ,(4).  the  experiments  of  A.  Michel- 
Levy  and  the  author  show  the  relations  observed  between  the  increase  . 
of  susceptibility  of  certain  rocks  after  heating  and  the  changes 
brought  about  in  their  constituent  minerals;  (5)  rocks  of  fluidal 
texture  have  a  slight  magnetic  anisotropy. 

The  investigations  described  were  made  at  the  Institut  de 
Physique  du  Glebe  of  the  University  of  Paris. 

A  bibliography  containing  64  titles  concludes  the  paper.— 

H.  D.  Karradon. 

BESTIIvIMUITG  MAGUETISCIIBS  SUSZEPTIBILITATSN  VON  GSSTEIM  UNU 
MINEMLIEN  IN  SCHWACHEN  MGNETISCHSN  EELDERN 

(UETERIilNATION  OF  MAGNETIC  SUSCEPTIBILITIES  OF  ROCKS  AND  MINERALS 

IN  Y/2AIC  Mi^GNETlC  FIELDS) 

By  J.  Koenigsberger 

Central blatt  fuer  Mineralcgie,  Geologie  und  Palaontologie, 

1920,  Abt.  B,  No.  4,  pp.  97-107 

In  this  article  the  author  discusses  the  application  of  a  method  by 
which  the  determination  of  the  susceptibility  of  rocks  and  minerals  in  weak 
magnetic  fields  is  possible  and  which  is  especially  useful  if  many  samples, 
not  all  of  which  can  be  brought  to  the  laboratory,  are  to  be  investigated. 

The  method  is  explained  on  the  basis  of  examples  and  illustrated  by  figures. — 
W.  Ayvazoglou. 

UEBER  DAS  MAGNETISCHE  VERHALTEN  VERSCHIEDENER  HARZGESTEINE  ■ 

(ON  THE  MAGi^TIC  BEHAVIOR  OP  VARIOUS  HARZ-ROCKS) 

By  H.  Reich  and  W.  V/olff 

Central blatt  fuer  Mineral ogie,  Geologie  und  Palaontologie, 

1929,  Abt.  B,  No.  5,  pp.  153-161 

In  this  article  the  authors  give  the  results  of  their  investigations 
made  on  the  magnetic  effect  of  various  Harz-rocks.  These  investigations  may 
serve  as  a  basis  for  future  work.  The  most  important  result  of  the  investiga¬ 
tion  consisted  of  the  fact  that  a  relatively  strong  magnetic  effect  of  the  red 
hematite  deposit  in  the  central  Harz  v/as  proved.  The  magnetic  profile  given 
in  the  article  shows  a  surxjrising  conformity  with  the  known  geological  condi¬ 
tions  of  the  region. 

The  results  of  investigations  made  by  the  authors  upon  various  Harz- 
rocks  are  summed  up  as  follows: 
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1.  The  Paleozoic  sediments  of  the  Harz  are  magnetically  very  weak. 

The  susceptibility  of  Wissenbacheh  slate- is  sli^tly  hi^er  and  that  of  Culm 
sediments  is  lower  than  the  susceptibility  of  the  other  layers. 

2.  The  behavior  of  the  deep  rocks  of  the  Brocken  and  Ramberg  is 
varied.  The  granites  of  the  Ramberg  massif'  are 'magnetically  very  weak  and  do 
not  differ  greatly  from  the  sediments  surrounding  them.  On  the  other  hand, 
the  diorites  and  perhaps  one  part  of  the  border  granites  of  the  eastern  zone 
of  the  Brocken  massif  are  magnetically  very  strong. 

V  ^  .  •.  ■  _  f 

:  s  , 

3.  Eruptive  rocks  and  dike  rocks.  The  effects  of  diabases  and 
keratophyres  are,  of  course,  not  as  strong  as  those  of  the  deep-rocks  mentioned 
above,  but  sometimes  the  effects  are  very  marked,  especially  in  case  of  coarse¬ 
grained  diabases,  t  The  meso- volcanic  dike  rocks  are  magnetically  very  weak, 

4.  The  red  hematite  deudsits  have  shown  very  hi^  magnetic  disturb¬ 

ance  values  owing  to  the  presence  of  the  magnetic  modification  of  FegOs  as 
well  as  of  magnetite.— W.  .Ayvazoglou.  -  <  • 

•  COST  OF  MAGNETOMETER 'SURVEYING  '  • 

;  , •  ' I  ■  ■  .  '  I  i'  • 

■  By  Dart -Wantl and 

The  Colorado  School  of  Mines  Magazine,  vol.  20,  No.  10,  1930,  p.  24 

Figures  on  the  cost  of  magnetometer  surveying,'  based  on  data  furnished 
by  an  oil  company,-  are  given.  •  ■■■f’  ■  '  . 

fc  .  ,  •  .  'I  » 

,  •/  •  / 

Four  cases  of  surveying  carried  out  in  California,  V/estern  Canada, 
southwestern  Texas,  and  Texas  (panhandle)  ’are  examined. 

i 

The  following  factors  are  to  be  considered’:  Weather,  personnel, 
topography,  transportation,  location  in  respect  to  section  corners,  lost  time, 
depreciation  of  car  and  instrument,  and  salary. 

According  to  the  author  the  personnel  factor  is  by  far  the  most  im¬ 
portant  one  in  a  discussion  of  real  cost;  that  is,  cost  measured  in  quality  of 
the  work  done. — W.  Ayvazoglou. 

PRELIMINARY  RESULTS  OF  GEOLOGIC-PROSPECTING  WORK  CARRIED  OUT 
BY  IHE  GEOLOGICAL  COivIfAITTEE  IN  1929  IN  THE  REGIONS 
OF  IRON-ORE  DEPOSITS  (IN  RUSSIAN) 

By  A.  J.  Serk 

Osvedomitelniy  bulleten  po  Poleznim  Iskopaemim, 
vol.  3,  No.  1,  1930,  pp.  6-13 

The  author  describes  in  this  article  the  geophysical  work  carried  out 
in  addition  to  the  geologic  survey  and  drilling  in  the  following  regions  of  the 
U.S.S.R.  : 


In  the  Krivoy  Rog  a  systematic  magnetic  method  of  prospecting  was 
used  in  the  region  of  Melitopol  and  Krementchug.  An  anomalous  strip  about  70 
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kilometers  in  length  was  established  to  thfe'SvSW.  of  the  city ..hf  Orekhov,  as 
well  as  several  other  magnetic  anomalies  in- the  region  of  Kreraentch'ug''and 
Nikopol.  -  ”  ■  ''  ^ 

New  -olaces" of  magnetic  anomalies  were  discovered' in  the  Troitsko- 
Osamsk  deposits,'  as  well '  as’’ in  the  regions  of  Minhsihsk’ and' Nerchinsk  in 
Siberia.— W.  Ayvazoglou.  '  ‘  ^  ‘V.' 

■  3.  'SEISMIC  METHODS- --■■■  - 

•  UN 'NOUVEAU  TYPE  DE -SISIvIOGRAPHE-  PHOTOGRAPHI^UE  .. 

' '(A  NEW-TYPE  OP  PHOTOGRAPHIC  ^ seismograph) 

By  P.  Guido  Alfani 

'■  ~ ■  Ciel  et ’Terre*' ’  vol. ’'46,  No.  ’  6,’’ 1930','' ‘ptji'  147-154'  ■■■•■ 

The  author  of  this  article,  introduced  at  the  end  of  1925  at  the 
Ximenien  Observatory  a  ohotographfc  seismograph  of  Galitzine  type  but  with  some 
constructive  changes.  The  new  apparato.s  was  tested  during  a  long  period  of 
time  and  the  details  of  its  construction  are  published  now  after  the  results  of 
tests  have  proved  to  be  very  satisfactory. 

In  this  article  Alfani  gives  the  description  of  the  seismograph  (in¬ 
cluding  the'  registering ‘apparatus  and  the' lamp)  as  well  as  its 'photographic 
oicture  and  schematical  design.  In  conclusion  he  says  that,  although  only  the 
well-known  principles  are  utilized,  the  apparatus  differs  from  those  used  gen¬ 
erally  in  the  follow i'lig' important  particulars (1 )  A  new  method'of  connection 
is  used  between  the  pendulum  and  the  amplifying  system  by  which  the  mechanical 
friction  is  omitted  entirely,  and  (2)  the  coefficients  of  amplification  and 
damping  are  much  hi^er  than  those  obtained  in  the  other  modern  seismographs. 

The  value  of  the  apparatus  is  increased  still  more  owing  to 'its  simple 
construction,  low  price,  facility  in  operation  and  perfection  of  seismograms. 

Two  seismograms  taken  a“t  the ‘same  time/ ‘'One' by  "a  Galitzin  seismograph  and  the 
other  by  the  new  photographic  seismograph,  are  added  , to  the  article  for  compari¬ 
son. — W.  Ayvazoglou.  . 

nIhERUNGSFORMELN’  ZUR  BERECHNUNG'liER'AMPflTUDEN  lER  EliSTISCHEN 

WELLEN  DIE  BEIM  DUR^HGANG  EINER  GEGEBEM  WELLE  DURCH  EINE 
'UNSTATlGEEiTSELlicHE  ENTSTEHEN 

(APPROXIMATE  FORlCfLAS  FOR ''THE  CALCULATION  OF  THE  AMPLITUDES 
OP  ELASTIC  WAVES  GENERATED  AT  THE  PASSAGE  OF  A  GIVEN 
WAVE  TiiROUGH  A  LAYER ’OF  ■'DISCONTINUITY)  '" 

By  H.  P.  Berlage,  Jr. 

.  »  •  •  •  .  k  ‘  .7  .  ■  , 

.  .  ^  j  t  .  V  ■  ■  f  '  •  • 

Gerlands  Beitrage  zue  GOophysik,  vol.  •.26,-,  No«,i2,^:1930,  pp.  131-140^ 

K.  Zoeppritz  in  his  article  (Ueber  Reflexion  und  Darchgang  Seismischer 
Wellen  durch  Unsteti^eitsf lichen,  Nachrichten  Gattingen,  1919,  p.  66)  has 
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worked  out  the  extremely  complicated  relations  "between  the  amplitudes  of  the 
longitudinal  and  transversal  reflected  and  refracted  waves,  generated  at  the 
passage  of  longitudinal  and  transversal  seismic  waves  through  a  layer  of  dis¬ 
continuity,  in  the  a'bridged  form  of  matrices. 


Tl:ie  formulas  given  in  this  article  are  easier  to  operate  with,  "but 
claim  to  be  exact  only  in  case  of: 

1.  The  reflection  by  a  free  surface  (density  of  the  second  medium 

=  0) ; 

2.  Identity  of  the.  two  media; 

3.  Reflection  by  a  solid  boundary  (density  of  the  second  medium 

■  ( 

4.  Any  given  density  of  the  media,  if  the  angles  of  incidence'  of 
the  primary  wave  are  0  or  90°. 

In  every  other  case  the  formulas  yield  approximate  values  for  the  am¬ 
plitudes  of  the  secondary  waves,  with  an  error  of  probably  not  more  than  0.1  of 
the  aiuplitude  of  the  incident  wave. 

The  ratio  of  the  velocities  of  propagation  of  condensational  and  dis- 
tortional  waves  has  been  supposed  to  amount  to  3.  Thus  liquid  media  have  been 
ruled  out. 

The  formulas  should  be  used  only  in  cases  when  the  denser  medi-um 
possesses  greater  velocity  of  propagation.  Moreover,  they  do  not  extend  to 
cases  of  total  reflection. 

The  solution  of  two  practical  problems  closes  the  paper. — Author's 

abstract. 


DIE  ERSTE  BEWEGUNG  BEI  EINEM  ERDBEBEN 
(THE  FIRST  MOVEMENT  PRODUCES  BY  AN  EARTHQUAKE) 

By  M.  Hasegawa 

Gerlands  Beitrage  zuw  Geophysik,  vol.  27,  No.  1,  1930,  pp.  102-125 


I 


Based  on  the  quadrant  distribution  of  the  pull  and  shock  of  the  first  ^ 
movement  produced  by  an  earthquake,  as  calculated  by  T.  Shida,  it  is  possible  to 
draw  a  siipposition  concerning  the  break  inside  of  the  material;  this  may  be 
formulated  as  follows:  Hie  internal  break  is  caused  by  a  shearing  pressure  in 
a  plane;  the  breaking  movement  depends  only  on  this  shearing  pressure  independent 
of  other  internal  pressures  existing  there.  The  theoretical  distribution  of  the 
first  movement  of  P  and  S  caused  by  this  shearing  at  one  point  of  the  break  is 
calculated.  The  probable  direction  of  the  propagation  of  the  break  in  the  hypo- 
center  is  at  the  same  time  determined  by  this  mathematical  calculation.  The  dis¬ 
tribution  of  the  first  movement  depends  on  the  proceeding  of  the  break.  If  the 
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4. 

breaks  have  the- same  direction  in  all  the  points  in  the  region  of  the  hypocen- 
ter,  then  the  first  movement  is  distributed,  in  the  first  approximation, 
equally  to  that  at  the  point  of  the  'bi  ?ak,  although  the  amplitude,  ratio  is  • 
more  or  less  deranged. 

It  was  proved  by  observation  of  the  Tango  earthquake  that  the?  pull 
and  shock  of  the  first  movement  produced  by  the  break  in  a  certain  azimuth 
corresponds  -to  the.' piull  and  shock  of  the  first  p-wave  at  the  distant  stations 
of  the  same  azimuth.  From  this  relation  a  theoretical  conclusion  is  drawn, 
that  the  amplitude  and  the  period  of  time  of  the  first  movement  in  the  earth¬ 
quake  diagram  are  not  the  decisive  factors  for  the  first  movement  of  the  break 
but  that  they  depend  directly  on  the  proceeding  of  the  break. 

The  earthquake  brealc  (with  the  exception  of  comparatively  deep  earth¬ 
quakes)  has,  as  it  seems,  a  tendency  to  be  distributed  in  case  of  a  horizontal 
shearing  pressure  along  a  vertical  plane. '-  The  author  examines  also  the  dis¬ 
tribution  of  the  first  movement  in. case  of  an  inclined  orientation  of  the  break, 

■  '  In  conclusion,,  the  author  draws  attention  to  some  problems  concerning 
the. quakes  caused- by  collapses  and  explosions. ^-Author's  abstract ’  translated 
by  W.  Ay-vazoglou.  ■ 


.  Air  ANALYSIS  .  OF,  THE  S- WAVE 

By  Prank  Neumann 

Bulletin  of  the  Seismological  Society  of  America,' 
vol.  20,  No.  .1,  1930,  pp,  15-33. 

Of  the  three  elementary  wave  types  radiatipg  from  a  seismic  focus 
(1)  compressional  or  P-waves,  (2)  transverse  or  S-waves,  and  (3)  surface  or 
L-waves)  the  author  examines  in  this  article  the  S-wave,  the  nature  of  which 
remains  to  be  explained  in  such  a  manner  that  it  can  be  recognized  from  the 
motion  of  the  earth  particle  at  a. seismographic  station. 


Headings 

of  the  article;". 

1. 

Description  o'f  the  S-wave 

group ; 

.2. 

.Displacement  .diagrams  and 

discussion  of  errors; 

3.. 

Ill-ustrations ; 

4. 

•  i 

Preliminary  results;.  - 

.  -5. 

Supplemental  note  on  the 

theory  of  the  S-wave, 

In  the  s-ummary  to  the  article  the  author  says:  ■  .  ■ 

'The  following  empirical < law  governing  the  azimuth  of  S-wave  im¬ 
pulses  is  advanced;  (1)  The  azimuth  of  the  horizontal  S-wave  inpulse  at 
the  focus  (the  horizontal  component  of  the  initial  earthq-uake  displacement) 
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is  equal  to  (2)  the  azimuth  from  station  to  epicenter,  plus  (3)  the 
azimuth  from  epicenter  to  station,  or  hack  azimuth,  minus  (4),  the 
azimuth  of  the  S-vreve  displacement  at  any  station;  all  azimuths  being 
counted  from  north  around  by  east  througli  360°.  It  states  that  a  com¬ 
mon  direction  of  horizontal  impulse  or  thrust  at  a  seismic  focus  can 
be  calculated  from  S-wave  azimuths  observed  at  two  or  more  distant 
stations.  These  focal  thrusts  appear  to  be  either  parallel  or  normal 
to  fault  lines. 

A  theory  is  later  developed  which  aupea.rs  to  substantiate  the 
above-named  law  in  so  far  as  it  concerns  simple  horizontal  focal 
displacements.  S-wave  impulses,  due  to  a  simple  vertical  displace¬ 
ment  at  a  focus,  auparently  follow  the  laws  of  longitudinal  motion, 
but  arguments  are  advanced  to  question  tho  existence  of  this  type  of 
activity.  The  displacements  are  longitudinal  only  in  the  sense  that 
they  occur  in  the  planes  of  the  rays;  they  are  not  compressional 
waves . 

9 

Three  distinct  types  of  activity  are  found  in  the  S-wave  group. — 
W.  Ayvazoglou. 


SEISMIC  METHOD  OF  PROSPECTING  ( IN  RUSSIAN) 

By  A.  Seleznev 

Vestnik  Komiteta  po  delara  izobreteniy  (Gazette  of  the  Committee  for 
Examination  of  Inventions),  No.  5  (67),  May,  1930,  pp.  1-3 

The  author  discusses  briefly  the  seismic  method  of  prospecting  and 
the  use  of  seismographs  and  geophones. — W.  Ayvazoglou. 

4.  ELECTRICAL  METHODS 


GECELECTRICAL  EXPLORATION  METHODS  USED  IN  OIL  FIELDS 

By  Helmer  Hedstrom 

The  Oil  Ueekly,  vol.  58,  Nos.  6  and  8,  pp,  34-37  and  32-34. 

The  first  part  of  this  article  presents,  in  a  simple  and  nontechnical 
way,  the  principles  underlying  the  use  of  geoelectrical  methods  for  mauping  of 
geologic  structures.  Different  ways  of  applying  electrical  measurements  for 
the  surveying  of  structures  are  then  described,  and  it  has  been  attempted  to 
make  this  presentation  as  elementary  and  easily  understood  to  the  average 
reader  as  possible.  Detailed  technical  descriptions,  v/hich  would  be  of  inter¬ 
est  mainly  to  those  versed  in  the  art  of  geoelectrical  exploration,  have  been 
omitted,  and  reference  to  everyday  physical  phenomena  are  used  to  make  clear 
the  electrical  phenomena  in  the  subsurface.  Thus  the  behavior  of  an  electric 
current  passing  throu^  the  bordering  surfaces  between  parallel  layers  with 
different  conductivity  is  compared  to  the  refraction  and  reflection  of  li^t 
at  the  contact  planes  between  media  like  air,  glass,  and  water  (this  compari¬ 
son  is,  of  course,  fully  justified,  since  the  equipotential  surfaces  of  an 
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electric  current  in  such  "stratified  conductor  prohleras"  "behave  exactly  like 
the  vrave  fronts  of  li^^t  entering  a  stratified  system).  Further,  the  electro¬ 
magnetic  induction  of  electric  currents  in  sutsarfc^-ce  heds  is  explained  hy 
reference  to  the  action  of-  the  industrial  transformer  and  to  simple  laboratory 
experiments. 

Of  the  geoelectricad  methods  dealt  with,  .the  electromagnetic  process 
is  stated  to  be  the  most  important  and  most  widely  used.  This  method,  which 
is  given  a  fairly  complete  description,  coi'sists  in  meas-uring  the  different 
phase  components  of  the  electromagnetic  field’ pi  educed  by  an  alternating  cur¬ 
rent  in  a  wire  laid  out  on  the  ground.  The  measuring  apparatus,  as  employed 
in  the  field  work,  is  shown  in  a  photograph;  it  consists  of  a  search  coil  and 
a  compensator,  referred  to  in  the  article  as  "an  instrument  used  in  physical 
laboratories."  The  electromagnetic  field  is  measured  in  the  semiabsolute 
■units’  of  microgauss  per  ampere  primary  current. 

It  is  explained,  and  shown  by  a  diagram,  how  the  presence  of  con¬ 
ducting  beds  in  the  subsurface  will  modify  the  alternating  electromagnetic 
field,  and  how  it  is  possible,  by  the  measuring  of  this  field,  to  determine 
not  only  the  depth  of  such  "electrical  key  beds,"  but  also  their,  electrical 
characteristics. 

The  result  of  a  survey  hy  this  method  is  a  structure  map  showing 
contour  lines  drawn  on  some  outsta:ndi2?.g  ''.electrical  key  bed,"  with  a  depth 
ranging  from  200  to  1,500  feet.  It  is  stated  that  this  process  is  much  faster 
and  cheaper  than  core  drilling,  for  which  it  offers  a  substitute. 

The  second  part  of  the  article  presents  some  examples  of  practical 
results  obtained  by  the  electromagnetic  method.  Such  investigations  have  been 
used  for  a  variety  of  structural  problems  in  Texas,  Louisiana,  and  California, 
where  up  to  noTi  a  total  area  of  between  1,500  and  2,000  sqxiare  miles  has  been 
covered  by  electromagnetic  surveys.  Four  maps  and  one  diagram  with  sections 
are  given,  which  show  good  agreement  between  the  results  from  the  electrical 
survey  and  the  geological  data  obtained  from  subsequent  drilling. — Author's 
abstract. 

ZUR  MSSSUNG  lEE  ELEIiTRISCHFN  LEITFAHIGKEIT  lER  ERIE  LURCH  IHLUICTIOH 

(OH  'THE  ivIEASUREllEI'IT  OF  THE  ELECTRICAL  CONDUCTIVITY 
•  ■  OF  TEE  EARTH -BY  INDUCTION) 

By  J.  Koenigsberger 

■°hysikal ische  Zeitschrift,  vol.  31,  No.  10,  1930,  pp.  473-485 

The  vertical  component  of  the  magnetic  field  strength  produced  by 
induced  currents  is  calculated.  These  currents  were  induced  in  an  infinite 
conducting  semispace  (Halbraum)  by  means  of  a  circular  current  with  a  fixed 
radius  passing  through  a  very  thin  wire  placed  at  the  border  of  the  semispace. 
Skin  effect,  small  ^pha'se  displacements,  and  screening  off  rAbschirmuhg)  were 
neglected  in  the  beginning.  The  errors  produced  by  this  were  estimated.  The 
semiempirical  formula  for  the  magnetic  field  of  a  current  ip  a  flat  wire- 
circle  is  discussed  and  proved  by  observations.  Only  the  first  part  of  this 
formula  is  used  during  the  integration;  errors  occurring  hy  this  are  estimated. 
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TTie  theory  is  applied  to  the  earth,  considering  it  a  semispace;  the  observations 
proved  that  the  resistance  of  the  upper  earth  stra^  agreed  in  order  with  the 
resistance  expected  (3.10^  ohms  per  cubic  cm.). 

-oehetrating  to  depths  of  over  1  to  20  kilometers,  frequencies  less 
than  500' H  are’ necessary.  Sources  of  experimental  errors  and  difficulties 
caused  by  this  are  exolained  briefly. — Author's  abstract  translated  by  W. 
Ayvazoglou. 

THE  lEFLUEWCE  OF  RAIN  ON  THE  ATMOSPHERIC  ELECTRIC  FIELD 

By  A.  Venkata  Rao  Telang 

Terrestrial  Magnetism  and  Atmospheric  Electricity, 
vol.  35,  No.  3,  1930/  pp.  125-131 

•  Photographic  records  of  the  atmospheric-electric  field  variations  at 

times  of  rains  are  examined  along  with  pluviograms  covering  these  periods.  It 
is  found  that  the  normal ” effect  of  rain  is  to  reverse  abruptly  the  normal 
positive  field  in  the  early  stages,  while  in  a  few  cases  it  results '"in  a  sudden 
reduction  without  change  of  sign.  This  abrupt  change  disappears  speedily  when 
the  disturbing  shower  is  "of  short  duration.'"  An  analysis  of  the  results  of  G.  C. 
Simpson  at  Simla  (1908~1900)  in  regaPd  to  the  charge  brought  down  by  rain  is 
given.  It  is^  shown  that  in  the  earl i.eS't  'stages  of  charged  rain,  in  more  than 
85  per  cent  of  the  cases  the  net  charge  brought  down  by  rain  is  positive.  It 
is  then  shown  that  the  effect  of  rain  On  the  field  is  due  to  the  transfer  of 
charge  by  the  rain  from  the  upper  air.  . 

Calculation-  shows  that  the  charge  transferred  by  the  rain  is  of  the 
order  necessary  to  produce  the  observed  changes  of  potential.  The  explanation 
covers  the  cases  of  heavy  rain  attended  with  frequent  reversals  and  very  high 
values  of  the  field. — Author’s  abstract. 

DIE  HERTZGCHEN  GLEICHUNGSN  UND  .DEREN  LOSUNG  FUR  DAS  AUSSERE 

'  ERIMAGNSTIS CHE'  FELD ’ 

(HERTZ'S  EQUATIONS  AlTD  THEIR  SOLUTION  FOR  THE  EXTERNAL 

_  EARTHiviAGi^STIC  FIELD) 

— '  '  '  ''  '  By  A.  Sloutschanbwsky 

II 

_  Gerlands  Beitrage  zur  Geo-ohysik,  vol,  26,  No.  3,  1930,  pp.  333-350 

.•  *1  « 

The  subject  of  the  proposed'work  consists  of  finding  out  the  solutions 
of  Maxwell  Hertz's  equations  under  the  following  conditions:  A  homogeneous 
medium  rotates  about  the  axis  R  with  a  small  constant  angular  velocity  V/o  under 
supoosition  that  the  axis  R  in  its  turn  rotates  with  a  constant  angular  velocity 
Wq  about  an  immobile  axis  Rq  to  which  R,is  parallel.  The  region  to  be  considered 
is  the  space  between  the  two  concentric  spheres  with  their  center  at  the  point 
0  which  is  taken  on  the  axis  R  and  remains. on  it  during  its  motion  together  with 
the  raedi-um.  The  ebn^ohents  6f  the  magnetic 'field,  which  alone  are  subject  to 
our  consideration,  are  reported. to  the. system  of  the.  coordinates  with  the  center 
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at  the  pQint-0/'  firmly  adjoined  to  the  medium, -.which  system 'in  such  manner  v-’! 
wholly  participates  in  the  motion  of  the  cons idered-- mediums  ‘  The  indicated- so- . 
lution  can,  to  a  certain  degree,  serve  for  the  representation  of  the  external 
magnetic  field  of  the  earth  from  its  surface  to- the  higher -layers  of  the  atmos¬ 
phere. — Author's  abstract.  .  '.i., 

SlIR  LES  PROSPECT  IONS  ELECTRIQUES  DU  PETROLE  : 

(ON  ELECTRICAL  PROSPECTING  FOR  OIL)- 
By  A.  Belluigi  . 

La  Revue  Petrol ifiere.  No. '394i  -0'ctober,  1930;-  pp,'' 1451-1454. 

Based  on  experience  gained  with  electrical  methods  of  prospecting, 
two  opposite  opinions'  oh'  the  direct  discovei^y  of  oil-are  maintained  at  the 
present--- time;  one 'supports  the  possibility  of  the  direct  discovery  and  the  v 
other  denies  this  possibi?  ity. '>  -  '  '  ,  . 

In  this  article  Belluigi  discusses  this  question  and-,  defends  his 
viewpoint,  expressed  in  one  of  hia  previous  works  ^-(Electrical  Prospecting  for 
Oil,  L''Elettricita,"  No.  4,  1928)  that  all  the  different  systems  of  electrical 
prospecting  for  oil" may  give  good  results  if  applied  in  places  indicated  and 
designated  by  geologists. —V/.  AyVazoglou.  .  .  . . 

THE  EARTH  RESISTIVITY  METHOD  OF  ^GEOPHYSICAL  PROSPECTING; 

SOME  THEORETICAL  CONSIDERATIONS 

.  .  •  By  G.-.  E.  ^Tagg  ,. . 

The  Mining  Magazine,  London,  volV  43,  No.  3,  1930,  pp.  150-158 

l‘ 

Theoretical  considerations  illustrated  by  a  series  of  curves  and  an 
actual  example  are  given.  .  . 

In  conclusion  the  authors  says  that  the  extent  to  which  results  ob¬ 
tained  theoretically  can  be  of  assistance  in  translating  the  observations  ob¬ 
tained  in  the  field  must,  of  course,  depend  upon  how  closely  the  actual  forma¬ 
tions  investigated  approximate  the  conditions  .assumed  in  the  theoretical  in¬ 
vestigations.  In  cases  where  the  practical  conditions  approximate  fairly 
closely  those  which  have  been  considered,  the  results  of  the  theoretical  treat¬ 
ment  given  should  serve  as  a  useful  guide  to  the  way  in  which  the  practical 
observations  are  to  be  'interpreted.' — W.  Ayvazoglou. 

ELECTRICAL  LOGS  AND  CORRELATIONS  IN  DRILL  HOLES 
■  By  .Conrad  and  Marcel  Schlumberger 

Mining  and  Metallurgy,  vol .  10,  No.  275,  -1929,  pp.  515-518  •  ^ 

By  making  an  "electrical  log,"  the  authors  mean,  an  operation  to.  de¬ 
termine  electrically  the  characters  of  formations  traversed  in  drilling,  the 
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determination  "being  carried  out  "by  means  of  measuring  the  electrical  resistiv¬ 
ities  of  the  rocks  along  the  uncased,  portions  of  drill  holes.  As  in  the  case 
of  an  ordinary  core  record,  this  process  indicates  a  geological  study  of  the 
strata,  and  for  that  reason  it  is  given  a  similar  designation. 

The  paper  is  divided  into  three  parts: 

1.  Electrical  resistivities  of  rock  formations:  In  this  section 
the  authors  discuss  in  considera"ble  detail  the  factors  affecting  the  resistiv¬ 
ities  of  various  kinds  of  rocks-.  ' 

2.  Technique  employed  in  making  these  electrical  logs;  In  order  to 
measure  the  resistivity  of  a  formation  at  a  certain  depth  in  a  drill  hole,  ap¬ 
propriate  apparatUvS  is  lowered  on  the  end  of  an  insulated  electric  cable  to 

the  given  horizon.  The  measuring  arrangement  is  especially  designed  to  elimin¬ 
ate  entirely  the  pertur'bations  due  to  the  conductivity  of  the  water  in  the 
drill  hole  and  to  the  phenomena  of  polarization  provoked  "by  the  current  flow. 

The  data  o'btained  permit  drawing  up  a  diagram  which  constitutes  the  Schlum- 
herger  electrical  log.  The  illustrations  show  several  such  logs, 

3.  Applications  of  the  electrical  log;  The  recovery  of  a  core  and 
its  complete  lithologic  and  paleontoj.cgic  examination  will,  of  course,  almost 
always  give  more  information  than  will  the  determination  of  the  electrical  re¬ 
sistivity  of  the  rock  to  which  it  belongs.  Thus,  the  electrical  "core"  should 
be  considered  as  an  auxiliary  to  the  core  of  stone  and  is  called  on  to  replace 
the  latter  simply  because  it  is  much  cheaper,  more  rapid,  and  frequently  more 
easily  employed. — W.  Ayvazoglou. 

A  NICKEL-CCFPER  EEPOSIT  IN  NEW  BRUNSWICK.  CANAEA 

By  Bela  Low 

Engineering  and  Mining  Journal,  vol.  130,  No.  3,  1930,  pp.  115-118. 

The  article  begins  with  a  brief  description  ’of  the  geology  of  the 
region.  An  electrical  survey  on  the  Rodgers,  Hall-Carroll,  and  intervening 
ground  was  carried  out  before  any' drilling  was  done.  The  inductive  method  was 
applied.  The  results  of  trenching  checked  well  with  the  electrical  conductor 
outlined  in  the  survey.  On  the  Rodgers  lens  a  strong  indication  of  the  pres¬ 
ence  of  a  conductor  coincided  well  with  the  known  sulphide  lens.  Owing  to  the 
fact  that  outcrops  were  scarce,  the  area  being  partly  farm  land  and  partly  tim¬ 
ber  of  second  growth,  it  was  deemed  best  to  establish  favorable  locations  for 
additional  explorations  by  means  of  a  magnetic  siirvey. 

Regions  of  magnetic  anomalies  were  found.  No  exploration  work  has 
as  yet  been  done  along  these  magnetic  anomalies,  but  the  logical  assumption  is 
that  they  represent  pj^rrhotite  bodies. 

Maps  are  given  showing  (1)  schist-gabbro  contact  and  the  location  of 
two  sulphide  lenses  and  magnetic  anomalies,  (2)  trenches  and  diamond- drill 
holes  on  Rodgers  lens,  and  3)  dip-needle  readings  and  position  of  electrical 
conductor  in  relation  to  surface  outline  of  Rodgers  lens  are  given. 

Results  of  metallurgical  research  conclude  the  article. — W.  Ayveizoglou. 

-  15  - 
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.  GEOPHYSICS  USEE  IN  TRiOiNG  K.E17EENAWAN  FAULT 

Editor!  s.  1  note 

Engineering  and  Mining  Journal,  vol.  130,  No.  5,  1930,  p.  245 

Hie  geophysics  department  of  the  Michigan  College  of  Mining  and  Tech¬ 
nology  has  undertalcsn  the  important  geological  tasl:.  of  locating  definitely  the 
Keweenarran  fault  in  localities  where  its  real  position  has  never  "been  estab¬ 
lished,  ;• 

The  Ksweer-awan  is  the  major  fault  of  the  district,  hounding  the  copperr¬ 
hearing  series  on  the  south  from  the  end  of  the  Keweenaw  peninsula  to  lake 
Gogehic.  ’ 

The  character  of  the  fault  over  its  entire  width  can  he  determined* 
and  the  depth  of  the  rock  almost  accurately  calculated,  hy  moans  of  the  vary¬ 
ing  electrical  resistivity  of  the  formations. — W.  Ayvazoglou. 

...  .  V  ■  ■  Ur  :  ,  f  •  •  ■■ 

5,  RADIOACTIVE  METHODS  '  • 

EIN  VERSES SERTES  VERFAHREN  ,ZUR  .BESTIMMUNG  DES  GEHALTES  DER  PREILUFT 

■  •  ••  AN  RADIUMEtlANATION 

.  .  s‘ 

(AN  IMPROVED  PROCESS  FOR  THE  DETEH'^INATION  O-F  THE  CONTENT'  OF  FADIUM 

EMANATION  IN  FREE  AIR) 

By  Walter  Kosmath 

Gerlands  Beitrage  zur  Geophysik,  vol.  27,  No,  1,  1930,  pp.  42-46 

In  this  article  the  author  shows  that  the  cocoanut-charcoal  process 
(the  "suction  method") »  although.  Improved  in  1923,  "is'not  entirely, sui, table 
for  the  determination  of  the'rcontent  of 'RaEm  at  a  certain  moment,  or  for  the 
determination  of  the  vertical  distribution  of  the  emanation. 

The  author  mentions  the  demands  to  which  a  method -for  the  determina¬ 
tion  of  the  content  oflRaEm  at  a  certain  moment  may  answer. 

i 

The  method  suitable  to  these  demands'  is  discussed  and  its  advantage 
in  comparison  with  the  "suction  method*'  is  noticed. 

The  process  examined  in  the  article  may  be  of  importance  also  in 
connection  with  bioclimatic,  balneologic,  as  well  as  medical  questions. 

The  proceeding  can  be  employed  also  during  flights  in  airplanes  and 
balloons. — Author's  abstract  translated  by  U.  Ayvazoglou. 
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II  II 

UUTERSUCHUNGEN  IJBER  SCHT//SKE  JONEN  IN  DER  ATMOSPHARE 
(iN^reSTIC-ATIONS,  ON  HEAVY  IONS  IN  THE  ATMOSPHERE) 

By  Hans  Israel 

Gerlands  Beitrage  zur  Geophysik,  vol.  26,  No.  3,  1930,  pp.  283-313 

With  the  apparatus  described  in  the  "first  report"  (Gerlands  Beitrage, 
vol.  23,  1929,  p.  144 y' measurements  were  made  twice  a  day  during  one  year  and 
the  number  of  small  and  large',  positive  and  negative  ions,  as  well  as  the 
nuclei  of  condensation,  were  counted,  the  latter  with  Aitken’s  Pocket  Dust- 
Counter.  A  statistical  study  of  the  material  obtained  was  made  in  connection 
with  the  other  meteorological  data.'  The  variation  of  the  number  of  large  and 
small  ions  was  always  an  opposite  one.  The  nuclei  of  condensation  had  shown, 
of  course  qiaalitatively  only,  an  attitude  similar  to  that  of  the  large  ions. 

The  influence  of  the  large  city  upon  the  number  of  ions  was  very  great.  Their 
dependence  on  the  air  body' could  not  be  established  beyond  doubt  owing  to  the 
disturbances  caused  by  the  city.  Their  relation  to  the  relative  humidity  had 
shown  that  with  the  increase  of  humidity  the  conditions  for  the  origination  of 
large  ions  were  more  favora'ble.  The  proportion  "between  the  nuclei  and  large 
ions  was  not  constant  and  changed  with  the  meteorolpgical  conditions.  The  dis¬ 
tinct  annual  and  daily  period 'of  the  number  of  ions  seems  to  be  in  conformity 
with  the  amount  of  the  inter-atmospherical  change (Mass enaustausch  in  der 
Atmosphere). — Author's  abstract  translated  b^'’  W.  Ayvazoglou. 

.  I 

GEOPHYSICAL  PROSPECTING  -  RADIOACTIVE  METHODS 
By  John  H.  'Wilson 

The  Colorado  School  of  Mines,,  vdl..  19.,  No. "6,  1929,  pp.  19-21 

A  brief  description  of  the  properties  of  the  radioa.ctive  materials 
and  tables  of  radioactive  elements  are  given."  The  author  discusses  the  follow¬ 
ing  methods  of  radioactive  prospecting:  ,  • . 

1.  Sample  examiiiatio'n,  ''  '  ' 

1  ... 

2-.  Atmospheric  electricity  method. 

3.  Investigation  of  soil'  gases,. 

4.  Penetrating  radiation  method. 

Five  figures  and  a  selected  bibliography  are  added. — W.  Ayvazoglou. 
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6.  GEOTHERMAL  METHODS 

OBSERVATIONS  GEOTHERI\^iqLES  DANS  LE  FORAGE  STEBNIK  1 

'  r  •  •  \ 

(GEOTHERMAL  OBSERVATIONS  IN  THE  STEBNIK  1  YffiLL) 

By  Stanislaw  Zych 

Institut  de  Geophysique  et  de -Meteorologie  de  1 'Universite  de  Lwow, 
vol.  4,  Coirmunication-.No.  44,  1929,  pp.  844-848 

Data  of  temperatures  measured  on  Decemher  2,  1927,  at  different  depths 
in  the  Stehnik  1  well  (near  Boryslaw.)  .are  given  in  a  table. 

The  increase  of  temperatures  with  the  depth  is  small  and  distributed 
regularly.  For  the  differences  of  depth  of  50  meters  the  increase  varies  be¬ 
tween  0.75  and  0.85°  C.  The  mean  geothermal  degree  is  63.4  meters. 

By  .comparing  this  value  with  those  obtained  in  Boryslaw  and  Ealusz 
for  the  same  differences  in  depth,  shown  in  another  table,  it  was  established 
that  the  depth  temperatures  in  the  Stebnik  well  are  considerably  lower.  This 
seems  to  be  probably  in  relation  with  the  salt  layers  and  potassium  salt  layers 
crossed  by  the  wells  at  a  depth  from  116  to  859  meters.  In  Kalusz  the  smallest 
increase  was  also  observed  in  the  salt  layers — that  is  between  174  and  261 
meters  of  depth. — W.  Ayvazoglou. 

DIE  rORAUSBESTIMMUNG  HER  GEBIRGSTEJffERATUR  IM  INNERN  ■  " 

VON  GEBIRGSIvlASSIVSN 

r.-  (PREDETERMINA.TION,  OF  TEMPERATURE  OF  ROCKS  INSIDE 

OF  MOUNTAIN-MASSIFS) 

By  K.  Pressel 

Zeitschrift  des  Vereins  doutscher  Ingenieure, 
vol.  73,  No.  5,  1929,  pp.  162-164 

The  author  discusses  the  important  question  of  determining  the  temper¬ 
ature  of  rocks  inside  of  mountains.  An  attempt  was  made  to  solve  this  problem 
by  mathematical  calculations.  Pressel  describes  methods  in  which  the  experiments 
are  carried  out  on  models.  Possibilities  of  thermal  and  caloric  model  experi¬ 
ments  are  mentioned  briefly.  A  third  model  experiment,  an  "electric"  one,  is 
described  in  more  detail.  Its  usefulness  was  proved  by  observations  made  in  two 
well-known  tunnels  (Gotthard,  Simplon).  The  results  of  the  latter  examination 
are  given. 


The  following  items  are  discussed:  (1)  Importance  of  temperature  deter¬ 
mination;  (2)  literature  on  temperature  determination;  (3)  influences  upon  the 
temperature  inside  of  mountains}  (4)  thermal  model-e.xperiment;  (5)  caloric  model- 
experiment;  (6)  electrical  model-experiment. — T/V.  Ayvazoglou. 


8732 


-  18  - 


I.C.  6422 


GEOPHYSICAL  PROSPECTING  -  GEOTHERIvlAL  METHODS 


By  John  H.  Wilson 

The  Colorado  School  of  Mines  Magazine,  vol.  19,  No.  8,  1929,  pp.  13-17 

Owing  to  the  fact  that  geothermal  methods  may  give  valuable  informa¬ 
tion  under  certain  co-nditions  it  can  be  expected  that  future  improvements  in 
technique  and  in  interpretation  will  provide  a. greater  application  in  certain 
types  of  prospecting  problems. 

In  this  article  the  author  explains  the  definitions  and  terms  used 
in  connection  with  geothermal,  research  work  and  gives  a  table  of  thermal  con¬ 
ductivities  for  a  number  of  substances,'  • 

Under  the  heading,  "The  heat  of  the  earth"  Vifilson  enumerates  the  con¬ 
ditions  due  to  which- the  actual  isogeothermal  surfaces  depart  from  the  ideal 
shape  of  oblate  spheroids  as  calculated  theoretically.  These  conditions  are 
given  as  follows:  (1)  Ocean  floors,  (2)  mountain  ranges  and  valleys,  (3)  nature 
of  the  rocks,  (4)  dip  of  the  strata,  (5)  structural  uplift  and  movement,  (6) 
chemical  action,  (7)  volcanic  activity,  (8)  under grotyid  circulation  of  waters, 
and  (9)  climatic  clianges. 

,  A  number  of  different  types  of  thermometers  and  cases  used  for  depth- 

temperature  measurements  in  wells  are  shown. 

Interpretation  of  depth- temperature  curves,  illustrated  by  graphs, 
is  discussed. 

A  figure  of  Salt  Creek  oil  field,  V/yoming,  showing  structural  contours 
on  Second  Wall  Creek  sand  and  depths  to  the  isogeothermal  surface  of  80°  (ac¬ 
cording  to  Van  Orstrand)  is  given,  being  one  of  the  best  examples  of  the  rela¬ 
tion  between  structural  uplifts  and  geothermal  anomalies. 

In  conclusion  some  other  applications  of  the  depth-temuerature 
measurements  are  mentioned. — Ih  Ayvazoglou. 

GEOTHERMAL  VARIATIONS  IN  OIL  FIELDS  OF  LOS  ANGELES',  CALIFORNIA 
,  : 

■  '  By  Anders  J.  Carlson 

The  Bulletin  of,, the  American  Association  of  Petroleum  Geologists, 
vol.  14,  No.  8,  1930,  pp.  997-1011 

,  .  '  ,  Data  obtained  from  temperature  measurements  in  oil  wells  of  the  Los 
Angeles  basin  are  presented,  and  some  ca'uses  of  abnormal  temperature  conditions 
and  factors  affecting  the  interpretation  of  geothermal  data  are  noted.  The 
relations  of  geothermal  gradients  and  isothermal  depths  to  structure  are  dis¬ 
cussed  for  the  Santa  Fe  Springs,  Long  Beach,  and  Torrance  fields.  Variations 
in  the  geothermal  constants  are  considered  with  respect  to  the  geology  of  the 
region,  and  the  possible  correlative  value  of  temperature  data  is  suggested, — 
Author's  abstract. 
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yr-tfNCLASSIFIED  MSmODS 

TRA.NSACTIONS  QF  IHE  A?JSRIGA1T  GEOPHYSICAL  UHION 
'  '  '  Tenth  ■Annual  Meeting;  April  25  and  26,  1929 

Eleventh  Annual  Meeting;  May  1  and  2,  1930, 

»  4^  %  ti 

National  Research  Coxihcil ,  June',  1930,  Washington,  D^  C. ,  314  pp. 

.  _  .  „  ,  In  the  introduction  to  this  volnme  the  general  secretary  of  the  union,  ‘ 
Dr,  J,  A.  Fleming,  gi-ires  the  following  brief  sumnary  ,pf  the  papers  presented  at 
the  meetings:  ‘  .  .... 

.  ,  .  The  tenth  general  assembly  was  held  jointly,  following  a  short' 

business  session 'of  the  Union,  with  the  Section  of  Oceanography  to 
,  hear  general-interest  papers  which  had  been  prepared  for . the  program 
of  the  Section  of  Oceanography  in  addition  to  a  number  presented  the 
preceding  day  at  the  Sect ion -meeting.  ,  The  Section  of  Geodesy  dis¬ 
cussed  progress-reports'  on' gravity  work  in  Mexico, -and  in  Europe  and 
America  and  on  geodetic  work  in  Canada  and  in  the  United  States,  and 
papers  on  recent  developments  of  geodetic  methods,,  instruments  and 
computations.  In  the  Section  of  Seismology  the  papers  were  on  surface- 
waves,  the  seismicity  of  the  arctic,  the  forces  and  movements  at  the 
earthquake  origin,  and  the  practical  application  of  earth-vibrations 
from  dynamite  blasts.  The  Section  of  Meteorology  discussed  the  report  ' 
of  the  meteorological  division  of  the?  Committee  on  .the  Physics  of  the 
Earth  of  the  Division  of  Physical  Sciences  of  the  National  Research 
Co-tmcil.  The  Section  of  Terrestrial  Magnetism  and  Electricity  held 
a  symposium  on  physical'  theories  pf  magnetic  and  electric  phenomena. 

.  The  Section  of  Volcanology  heard  communications  on  volcanic  oceanic 
islands  and  the  volcanic  histor.y  of  th,e  San  Juan  Mountains  of  Colo¬ 
rado.  ■■■  ■'*  •  .  ■  '  ■  .  ' 

At  the  eleventh  general  assembly,  in  addition  to  a  series  of  six 
papers  on  "The  utility  of  geophysics"  in, geodesy,  seismology,  meteor¬ 
ology,  terrestrial  magnetism  and  electricity,  oceanography,  and  vol¬ 
canology,  the  Union  was  addressed  by  Sir  Hubert  Wilkins  on  "The  advis¬ 
ability  of  geophysical  investigation  in  the  arctic  by  submarine." 

Progress  reports  on  work' in  Canada,  Mexico,  and  the  United  States,  on 
methods  for  the  precise  measurement  of  time  and  determination  of  grav¬ 
ity,  and  on  correlative  studies  of  lati tude-varia,tipns  featured  the 
meeting  of  the  Section  of  Geodesy.  In  view  of  common  interests,  the  ^ 

Section,  of  Seismology,  after  a  short  business  session  May  1,  met 
jointly 'with  the  Eastern'-Section  of  the  Seismological  Society  of 
America' 'on  the  morning  and  afternoon  of  May  5  at  the  Bureau  of  Stand-  ^ 

ards  and  May  6  at  the  Georgetown  University;  six  of  the  papers  were 
presented  b:/  members  of  the  Union  and  a  symposium  on  the  publication 
of  earthquake  data  was  led. by  Harry  Fielding  Reid  of  the  Union.  The 
Section  of  Meteorology  discussed  the  relation  between,  the  Section  of  j(  | 

Meteorology'  of  the  Internationa.1'  Geodetic  and  Geophysical  Union  and  ^ 

the  International  Meteorological  Committee,  as  well  aq  reports  on 


8732 


'  -  20  - 


I.C.  6422 


units  of  time,  solar  radiation,  details  of  instruments,  data  required 
for  indicating  the  climatological  character  of  a  region,  and  final 
report  on  the  Bulletin  on  Meteorology  in  the  series  "physics  of  the 
Earth'*  to  he  published  by  the  national  Research  Council.  The  papers 
given  before  the  Section  of  Terrestrial  Magnetism  and  Electricity 
dealt  with  the  proposed  International  Polar  Year  1932-33,  the  signifi¬ 
cance  and  importance  of  continuance  of  magnetic  and  atmospheric- 
electric  observations  on  the  oceans  with  accounts  of  instruments 
suitable  for  work  at  sea,  secular  variations  in  the  United  States 
and  over  the  earth's  surface,  and  possible  relationship  of  earth- 
movements  and  terrestrial-magnetic  variation  and  of  the  aurora  and 
the  earth's  magnetism.  The  Section  of  Oceanography  had  two  sessions, 
one  May  1  and  a  second  May  2,  hearing  papers  concerned  with  oceano¬ 
graphic  work  in  its  various  pnases  and  particularly  with  relation  to 
physical  oceanography  and  its  relations  to  marine  biology  and  meteor¬ 
ology.  The  program  of  the  Section  of  Volcanology  dealt  with  volcanic 
activity  and  the  central  African  volcanoes. 

The  Union  was  favored  at  both  the  tenth  and  eleventh  annual  meet¬ 
ings  by  papers  from  members  of  the  national  committees  of  Canada  and 
Mexico  reporting  on  the  progress  of  governmental  activities  and  on  re¬ 
sults  of  geophysical  researches  stimulated  by  the  committees.  The 
active  spirit  of  international  cooperation  on  the  part  of  Canada, 
Mexico,  and  the  United  States  was  again  well  evidenced  in  these  papers 
and  by  the  attendance  of  many  visitors  during  the  two  annual  assem¬ 
blies. — J.  A.  Fleming. 


GULF  COAST  RICH  IN  OIL 
By  T.  E.  Dabney 

Manufacttirers  Record,  vol.  98,  No.  6,  August,  1930,  p.  56 

In  this  article  the  author  briefly  summarizes  the  results  obtained 
in  Southern  Louisiana  and  Texas  by  geophysical  methods  of  prospecting  (110  dis¬ 
coveries  made  by  geophysical  methods  and  48  by  nongeophysical  methods). 

The  principles  of  the  work  of  the  torsion  balance,  seismograph,  mag¬ 
netometer,  and  the  gravity  pendulum  are  mentioned. 

According  to  Dabney,  since  1921,  nearly  $7,000,000  has  been  spent  by 
oil  companies  on  geophysical  methods  on  the  Gulf  Coast  alone,  and  at  present 
about  $300,000  a  month  is  being  spent  in  this  region. 

The  Gulf  Coast  must  be  considered  one  of  the  largest  potential  petro¬ 
leum  reserves  known  to  the  industry. — W.  Ayvazoglou. 
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HOTE  OK  A  RECENT  ARTICLE  BY  IH.  ■HOPENER''-'*'^" 


,  By  Walter  E.  Lambert 

Gerlands  Beitrager zur  ,Geoph,yBik,  vol.''26^' No:' 2,  1930, ’  pp.  182-184 

The'  ar^fdle  mentioned  is  -entitled-  "Ztir ‘Bestimmimg ’der  Erdgestalt  nadi 
isostatischen chtspinrikten''  (see  Geophys.  Abe.  No;  1^,  ,p,  20^).iu 

^  •  '  •  .  .  '  i  •\  *  '  ;  •  •  .w  .  J 

Lairabei’t  's  abstract,  of  th-e  present  article' 'reads' as  ..fpllows,:  . 


The' Various  determinations  of  the  •fignre"‘  pf’ the  eart'h,.. published' 
by  -Rayford  are' not  a|.,i  strictly  comp-arable.-'ahd' -ihdee'd  tbey  are  not 
intended' to  be  so.:,  This  foot  seems  to  haVe' given  rise'  t'b' misunder-, 
standings'.'  To- remove,  these  some  brief  explaiialiohs  are.  given.  The 
effect  of  isostatic  methods  of  reduction  oh  the  "figure  of  the  eaith 
and  value  of  various  astronomical  methods  of  determining  it  are 
briefly  discussed. ---^nthor '.s  abstract.  " 

UEBER  DIE  KON^.'&C-ENZ  DER  REIHS  EUR  DAS  AUSSERE'  RAUMPOTENTIAL  .  '  ’ 
(ON  THE  CONUTEIIGENCE  OE  THE  SERIES  FOR  THE  EXTERIOR  POTENTIAL  OE  SPACE) 

:  By  E.  Hopfner  - 

Gerlands  Beitrage  zur  Geophysik,  vol.  27,  No.  1,  1930,  pp.  36-41 


The  question  concerning  the  sphere  of  convergence  in  the  development 
of  the  series  for  the  exterior  po'fcential  of  a  sphere  is  especially  important 
for  geophysics  orbing  to  the  fact  that  the  validity  of  a  number  of  fpadamental 
formulas,  such  as  Clairaut's  theorem,  Bruxis theorem' and  others,  depend  on 
the  answer  to  this  question. 

^ .  .  f  ;  'f  I*  '  *■  . 

In  th?  s  article  .the .  a.uthor . shov/s uthat  the  do-yelopment  oi^  the  potential 
of  space  in  series  of  ,spher,i?^l.'tiarmanios  for  the  "exterior  space  is  con-vergent 
also  in  a  certain  region  of  the  interior  space  of  the  attracting  mass. — 
Ayvazoglou.  _  , -  .  . 

THE  GEOLOGIST  OE  TODAY  AND  YESTERDAY  ■  - 

■  .  -  .  •'  !  -  u. 

'  Editorial ''note  ' 

,  •  •  ,  .  .  ,  -i:  •  ■■  ■ 

The  Petroleum  Times,  vol.  24,  No.  610,  1930,  pp.  45X-454 

After  the  description  of  the  work  of  a  geologist  for  mapping  out 
the  structure  of  the  undai-ground  from  surface  observations  the  geophysical 
means  of  prospecting,  especially  for  oil,  are  discussed.  Seismic,  gravita¬ 
tional,  and  magnetic  methods  are  briefly  examined.  Cooperation  of  the  geolo¬ 
gist,  geophysicist,  and  the  palaeontolo.gist  is  at  the  present  time  required 
in  order  to  reduce  the  chances  of  failure  in  drilling  for  oil. — 'W.  Ayvazoglou. 
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THE  WORK  OF  THE  GEOPHYSICAL  INSTITUTE  OF  THE  CENTRAL  GEOLOGICAL 
AND  PROSPECTING  SERVICE  IN  U.S.S.R.  IN  1928-29  (IN  RUSSIAN) 

By  J.  Lepeshinsky  and  V.  ChernoLrovin 

Osvedoraitelniy  bulletin  po  poleznim  iskopaemin, 
vol.  3,  No.  .2,  pp.  15-19  and  No.  3,  ,pp.  18-23 

The  importance  of  geophysical  methods' of  :prbspecting  caused  the 
creation  in  1929  of  a  special  Geophysical  Institute  for  geologic-prospecting 
work  with  the  following  sections:  Electrotechnical,  magnetic,  ^avimetric, 
radiometric,  seismic,  and  geothermal., 

In  this  article  the  authors  give  the  results' of  the  work  carried' out 
during.  1928-29  by  the  above-mentioned  sections  in  the  different  regions  of  the 
U.S.S.R. — W.  Ayvazoglou.  ■  •  , 

GEOPHYSICAL.,l\lETH0PS  APPLIED,  TO  EXPLORATION  AND  GEOLOGIC  MAPPING 

By  T.  M.  Eroderick  and  C.  D.'  Hohl  ■ 

•  T 

U.  S.  Geological  Survey,  Professional  Paper  144,  1929,  pp.  156-168 

The  article  forms  a  part  of  the  work  entitled  "The  Copper  Deposits 
of  Michigan,"  by  B.  S.  -Butler  and  W.,  S.  Burbank,  The  authors  disciiss  the 
possibility  of  application  of  geophysical  methods  to  the  exploration  and  geo¬ 
logic  mapping  of  the  region.  ‘  ' 

Theory  and  practice  of  magnetic  surveying  is  mentioned  especially. — 
V/.  Ayvazoglou. 

INSTRUMENT  FCER  DETECTING  METALLIC  BODIES 
By  Tlieordore  Theodorsen 

Journal  of. the  Franklin  Institute,  vol.  210,  No.  3,  1930,  pp.  311-326 

•  •  A  . 

This  ^p.aper  gives  a  description  of  a  new  instrument  recently  developed 
by  the  National  Advisory  Committee  for  Aeronautics  at  the  Langley  Memorial 
Aeronautical  Laboratory  (N.A.C.A.  detector).  The  instrument  was  made  for  the 
immediate  purpose  of  locating  unexploded  bombs  which  were  known  to  have  been 
dropped  from  airplanes  at  targets  in  close  proximity  of  the  site  of  the  new 
Seaplane  Towing  Channel  at  Langley  Field,  Va.  The  new  "detector"  successfully 
located  a  number  of  bombs  buried  on  and  near  the  projected  site.  It  is  of  a 
simple  design  and  requires  no  skilled  operators. 

_  The  author  gives  a  brief  theoretical  survey  of  the  general  nature  of 
the  difficulties  encountered  in  the  design  of  sensitive  detectors  of  this  type. 
He  points,  in  particular,  to  the  importance  of  avoiding  capacity  and  resistance 
effects,  and  outlines  other  essential  factors  contributing  to  the  success  of 
the  new  detector. 

Thirteen  figures  illustrate  the  article. — Author's  abstract. 
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...  .  FORTS  CHRI'^TE  lER  ANGEWANDTEU  GEOPIiYSIK,  ...  .V’ 

(ATTAIMvIENTS  OF  APPLIED  GEOPHYSIC.S) 

By  J.  B.  Ostermeier 

Internationale  Zeitschrift  fuer  Bohrtechhik, '  ErdolbergBau  und  Geologie, 

.  .  •  .  vol.-  38,  ITo.  16,  1930,  14  p,p. 

7  ■  . 

•  t  "  .  '  '  .  .  ,  .  ■  -  -  * 

In.  this  article,  which  is  a  reprint  of  a  lecture  delive.ped  "by  Ostef-  . 
meier  before  the  second  general  meeting  of  the  International  Oil-Union. held  on 
J\ane  14,  1930,  in  Vienna,  the  author  notices  the  attainments  made  'by' geophysi¬ 
cal  methods  of  prospecting.  ....  ..  .. 

Gravitational,  seismic,  electrical,  and  ma^etic  methods  are  dis- 
‘cussedi  based  on  examples. 

Photographic  pictures  of  instruments  and  a  series  of  diagrams  are 
.  shown-.in  21  figures  illustrating  the  article. --W.  Ayvaapglou. 

SOCIETY  OF  PETROLEUM  GEOPHYSICISTS 

.  Editorial.  note._ 

Bulletin  of  the  American  Associatio'n  of  Petroleum  Geologists, 
vol.  14,  No.  10,  1930,  pp.  1364-1365 

Information  on  the  organization,  of  the  Society  of  Petroleum  Geophysi- 
ia.  given.  The  object  of  the  society  is  to  bring  together  geophysicists 
who  are  engaged  in  oil  work  and  to  advance  the  science  of  the  application  of 
physitTS  in  -oil  geology. 

-The  requirements  for  membership  are  enumerated. 

The  following  officers  were  elected; .  President,  Donald  C.  Barton; 
vi co-pros i dent,  E.  S.  Rosaire;  secretary- treasurer,  'John  Vi/'einzierl. 

Application  blanks  may  be  obtained  from  the  secretary  at  608  Petroleum 
Building,  Houston,  Te;x. — Ayvazoglou. 

8.  geology' 

SURFACE  GEOLOGY' OF  COASTAL  SOUTHiAST  TEXAS  ’  ' 

By  Donald  C.’  Barton  ■  ' . 

. .  .  I  .. 

Bulletin,  of  the  American  Association' of  Petroleum  Geologists,. 

voi.  14'  Nd,  10,  1930, ‘:pp.  1301-1321  . .  ' 

The  formations  at  the  surface  in  coastal  southeast  Texas  are" the 
’’Lisaie,"  Beaumont,  Recent,  and  Recent  Terrace  deposits.  The  Hockley  scarp, 
one  of  the  most  striking  physiographic  features  of  the  region,  is  a  flexure 
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scarp  partly  buried  by  alluvial  deposits.  The  area  in  front  of  the  Hockley 
scarp  in  southeast  Texas  is  largely  a  deltaic  plain  composed  of  the  coalescent 
deltas  of  late  Pleistocene  Trinity  and  Brazos  Rivers,  The  sands  of  the  area  • 
of  the  Lake  Charles  loams  and  sands,  currently  mapped  as  Lissie,  are  continuous 
with  the  sands  of  the  distributary  ridges  and  are  contemporaneous  with  the  sur¬ 
face  Beaumont  clay,  and  that  part  of  the  Lissie  at  the  surface  seaward  of  the 
Hockley  scarp  is  younger  than  that  lying  landward  of  the  -  scarp  a.nd  is  -a  sandy 
phase  of  the  Beaumont,  An  uplift  of  20  to  30  feet  is  indicated  in  Orange-: 
Co-unty  and, in  Cameron  and  Calcasieu  parishes,  A  veneer  of  Recent  sediments 
covers  the  seaward  edge  of  the  Beaxamont  clay.  Two,  possibly  three,  post- 
Pleistocene  terraces  are  present  in  the  valleys  of  the  major  streams.  The 
soils  of  the  early  Recent  terrace  show  the  introduction  of- material  from  the 
Permian  "Red  Beds," — Author's  abstract.  ••  -  -  r.; 

DIE  ENTSTEHUNG  DER  KONTINENTE 

-  •  (THE  ORIGIN  OF  GSE  CONTINENTS)  .  ■'  '  . 

■  ’  :  -  By  Josef  Geszti  •  *  ,.  ••• 

Gerlands  Beitrage  zur  Geophysik,  vol.  27,  No.  1,  1930,  pp.  1-25 

■j  -  '  ,  . 

In  the  ancient  form  of  the  earth...the  liquid  sima  masses,  were  every¬ 
where’, — in  the  saine  height  of  strata — enveloped  by  light,  molten  sial  masses. 
This  concentric  distribution  of  material,  however,  has  been  disturbe.d  later  on. 
At  present  the  continents  consist  of  sial  and  the  bottoms  of  the  .oceans  mostly 
of  sima  materials  (vertical  separation  of  material).  It  has  been  shown  that 
this 'distribution  of  masses' was  created  by  thermodynamic  effect. 

The  elevation  of  the  continents  has  been  attri’buted  to  the  condensa¬ 
tion  of  the  sima  masses,: .'specially  on  the  point  of  becoming  solid  during  the 
transition  from  liquid  to  crystallized  state.  -v 

The  origin  of  the  thermodynamic  effect  is  being  attributed  to  the 
inhomogeneous  sial -masses  containing  various  auxiliary  mixtures. — Author's 
abstract. 


USE  OF  AIRPLANE  PHOTOGRAPHS  IN  GEOLOGIC  MAPPING 
By  Walter  A.  English 

Bulletin  of  the  American  Association  of  Petroleum  Geologists, 
vol.  14,  No,  8,  1930,  pp.  1049-1058 

The  demand  for  airplane  photographs  during  the  World  War  caused  a  rapid 
development  in  equipment  and  methods.  This  demand  and  the  irtprovements  in  air¬ 
plane  performance  laid  the  foundation  for  the  present  commercial  applications  of 
airplane  photography.  Many  oil  companies  use  photographs  in  field  mapping  and 
find  several  peculiar  features  of  the  photographs  of  particular  value  in  geologic 
mapping. 

Mosaics  of  various  types  are  used  for  compilation  of  data,  but  line 
maps  and  contour  maps  can  be  constructed  from  photographs  if  maps  of  a  greater 
degree  of  accuracy  are  desired. — Author's  abstract. 
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COMPENDIA  01^  LIMES  IJ  HYIROMJimLimaY  AUD  ELOTATIOnI 

I  . 

-  By  - 

R,  &.  O'Meara^,  Alexander  M..  Gow^,  and  W.  T.  Schrenk^ 


INTROrUCTION  . 


Lime  is  used  extensively  in  the  various  industries.  The  National 
Lime  Association^  in  an  excellent  and  recent  hulletin  lists  23  important  in¬ 
dustries  in  which  lime  plays  a  vital  role;  and  it  thereby  justifies  the 
statement  that  "Lime  is  one  of  the  most  .versatile  and  widely  used  reagents 
in  the  chemical  and  industrial  world."  There  is.,  howevsr,  one  application 
o-f 'this  "universal"  reagent  which  has  not  been  mentioned.  It  is  the  use  of 
lime  in  the  flotation  of  ores.  An  appreciable  percentage  of  the  lime  produc¬ 
tion  is  consumed  bv  ore-dressing  plants. 


■The  uses  of  lime  throughout  all  the  industries  are  more  or  less  re¬ 
lated,  but  "lime"  is  a  broad  term;  the  varieties  of  lime  are  more  nijmerous 
than  the  limestones  from  which  it  is  made,  and  its  use  involves  a  complicated 
technique.  The  interrelated  application  and  growing  importance  of  lime  in 
flotation  warrant  this  additional  publication  on  the  various  "limes,"  with 
emphasis  on  those  uses  related  to  the  function  of  lime  in  .flotation. 


Lime  in  water  treatment,  cyaniding,  and  amalgamating  will  be  men¬ 
tioned,  after  which  its  use  in  flotation  will  be  taken  up. 

f- 

This  comoendium  was  prepared  by  the  Mississippi  Valley  Experiment 
Station  of  the  Uni  ted  States  Bureau  of  Mines  and  the  Missouri  School  of  Mines 
and  Metallurgy,  Folia,  Mo. 


1  -  The  Bureau  of  Mines  will  welcome  rej^rinting  of  this  paper,  provided  the 

following  footnote  acknowledgment  is  used:  "Reprinted  from  the  U-  S. 
Bureau  of  Mines  Information  Circular  6423." 

2  -  Assistant  metallurgist,  U.  S*  Bureau  of  Mines,  Mississippi  Valley  Experi¬ 

ment  Station,  Rolla,  Mo.  ' 

3  -  Assistant  metallurgist,  U.  S.  Bureau'of  Mines,  Mississippi  Valley  Experi¬ 

ment  Station,  Rolla,  Mo. 

4  -  Consulting  chemist,  U-  S.  Bureau  of  Mines,.  Mississippi  Valley  Experiment 

Station,  Rolla,  Mo.,  and  Professor  of  Chemistry,  Missouri  School  of  Mines 
and  Metallurgy,  Rolla,  Mo. 

5  -  National  Lime  Association,  Lime;  Its  Uses  and  Value  in  the  Industrial 

and  Chemical  Processes;  Washington,  D.  C.,  1930,  88  pp. 
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Lime  v^as  one  of  the  first  chemical  substances  used  by  manlcind. 
Knibbs§.  gives  an  interesting  historical  sketch  of  lime,  stating  that  it  -is 
as  old  as  the  use  of  fire,  that  it  was  used  as  an  offensive  weapon  in  war 
by  throwing  it  into  the  faces  of  the  enemy,  and  that  magnesia  was  not  clear¬ 
ly  distinguished  from  lime  until  the  eighteenth  century: 

Lime  was  one  of  the  first*' chemical  substances  to.  be  :US0d  by 
mankind,  and  lime-burning  is  one  of  the  oldest  chemical  industries. 

The  process  of  calcining  limestone  is  pro’cably  nearly  as  old  as  the 
use  of  fire,  because  in  any  limestone  country  the  effect  of  light¬ 
ing  a  fire  on  the  stone  would  be  to  produce  lime,  but  the  intelli¬ 
gent  application  of  the  process  must  have  come  much  later  . 

According  to  Quietmeyer,  lime,  together  with  plaster  of  Paris, 
was  used  in  Egypt  about  B.  C.  2600,  and  by  Soloraan  in  Jerusalem 
circa  950  B.  C. .  and  it  is  probable  that  its  use  began  at  a  much 

earlier  age . Xenophon  (circa  B.  C.  350)  records  the 

wrecking  near  Marseilles  of  a  ship  carrying  a  cargo  of  linen  and 
the  lime  required  for  its  bleaching,  but  Cato,  in  B.  C.  184,  ap¬ 
pears  to  have  been  the  first  to  mention  kilns  for  burning  it. 
Dioscoridas  and  Pliny  (circa  A.  L-  75)  both  describe  the  production, 

slaking,  and  uses  of  lime . Vitruvius,  at  the  beginning 

of  the  Christian  era,  dealt  at  length  with  the  use  of  lime  for 
building  puruoses.  Lime  is  mentioned  in  the  Bible  . . 

Little  is  known  regarding  the  condition  of  the  lime  industry 
in  medieval  times,  but  a  knowledge  of  its  properties  and  its  use  for 
building  purposes  is  reflected  in  the  writings  of  the  day . 

Quicklime  would  appear  to  have  been  used  in  the  Middle  Ages  for 
offensive  purposes  in  war,  and  the  English  hurled  it  in  their  ene¬ 
mies'  faces  at  a  naval  battle  just  after  the  death  of  John  in  1217 

. It  was  used  by  alchemists  for  catisticizing  the  alkali 

metal  carbonates  in  wood  ashes  and  for  other  purposes,  but  it  was 
so  familiar  a  material  that  they  seldom  thought’  it  worth  mentioning, 
and  no  attemut  seems  to  have  been  made  to  explain  the  nature'  of  the  ' 
process  of  calcination  until  the  phlogistic  period. 

Hie  elucidation  of  the  nature  of  the  calcination  process  is 
due  largely  to  Joseph  Black,  who  showed  that'  it  consisted  in  the 
expulsion  of  'fixed  air. '  . 

Magnesia  was  not  clearly  distinguished  from  lime  until  the  18th 
century  when  Black  showed  that  the  former  gave  a  soluble  sulphate. 

It  therefore  has  no -individual  early  history.  Magnesia  alba  appears 
to  have  come  into  commerce  from  Rome  about  A.  D.  1700.  The  calcina¬ 
tion  of  magnesium  carbonate*  like  that  of  palcium  carbonate,  .was  ex¬ 
plained  by  Black  and  Lavoisier.  .  ■  . 


6  -  Knibbs,  F.  V.  S.,  Lime  and  Magnesia:  Ernest  Benn,  Ltd.,  Lpndon,  1924, 
300  pp.  • 
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Limestone,  from  which  lime  is 'made,  is  one  of  the  important  sub¬ 
stances  in  the  lithosphere.  That  it  is  widely  distributed  uuo-n  the  earth  is 
shown  by  Clarke. Z  He  shows  that  the  average  limestone  is. only  about  75  per 
cent  pure  and  states  as  follows;  - 

.  Broadly,  then,  we  may  estimate  that  the  lithosphere, 

within  the  limits  assumed  in  this  memoir,  contains  95  per  cent  of 
igneous  rock  and  5  per  cent  of  sediraentaries.  If  we  assign  4.0  per 
cent  to  the  shales,  0.75  per  cent  to  the  sandstones,  and  0.25  uer 
cent  to  the  limestones  we  shall  comiC  as  near  the  truth  as  is  uossi- 

ble  with  the  present  data  . 

r  '  •  ,  ■  *  * 

Whether  or  not  the'  figures  are  correct;  is  of  no  importance  to  us 
other  than  it  does  show  that  the  distribution  is  widespread.  Nor  has  the 
United  States  been  slighted  in  the  matter  of  geologic  distribution  of  lime¬ 
stone.  The  statistics  uublished  by  the  Department  of  Commerce,  Bureau  of 
Mines,  for  1928§.  show  that  41 'of  the  48  States  have  reported  plants  in  oper¬ 
ation  for  the  burning  of  lime.  In  1928  the  four  largest  producing  States  were 
Ohio,  Pennsylvania,  Missouri,  and  West  'Virginia,  in  the  order  named.  The 
total  number  of  plants  in  operation  in  1928  was  411,  Keen  competition  existed 
among  the  producers  and. there  was  a  tendency  to  overproduction  and  lower 
prices.  .If  lime  is  the  most  ulentiful  alkali,  it  is  also  the  cheapest.  The 
average  value,  at  the  plants,  of  lime  sold  decreased  from  $8.75  a  ton  in  1927 
to  $8.18  a  ton  in  1928.  In  1929  the  average  price  for  hydrated  lime  was 
$8.24  per  ton,  -The  average  value  for  building  lime  was  85  cents  less  than 
in  1927,  for  chemical  lime  was  24  cents  less,  and  for  agricultural  lime'  was 
8  cents  less.  The  production  of  lime  in  the  United  States  from  1919  to  1929, 
inclusive,  is  given  in  Table  1,  taken  from  Mineral  PLesources  of  the  United 
States,  1928.?.  •; 

The  statistics  given  in  Mineral  Resources  do  not  include  a  consider¬ 
able  amount  of  lime  that  is  not  a  commercial  product,  but  is  burned  for  di¬ 
rect  use  in  manufacturing,  from  stone  either  quarried  or  purchased  by  the  man¬ 
ufacturer.  This  stone  is  reported  to  the  Bureau  as  raw  limestone  and  is  in¬ 
cluded  in  the  statistics  on  stone.  It  is  used  mainly  by  alkali  works,  sugar 
refineries,  and  smelters.  ^ 

As  mentioned  in  historical  sketches  on  lime,  the  first  recorded  use 
was  in  mortar  and  plaster.  The. field  has  since  extended  so -that  lime  is  a 
necessity ' in  many  industries.  Holmes— mentions  the  extensive  uses  of  lime* 


7  -  Clarke,  Prank  "'igglesworth.  The  Data  of  Geochemistry;  .*U.  S.  Geol.  Survey, 

Bull.  770,  1924.  p.  34,  .  •  '  ' 

8  -  Coons,  A.  T. ,  Lime  in  1928;  Mineral  Resources  of -the  United  States,  1928 

-  Part  II,  1929,  pp.  175-186.  ■  •  ,  . 

9  -  Coons,  A.  T. ,  Work  cited. 

10 -Holmes,  M.  E. ,  An  Outline  of  the  Uses  of  Lime:  Chem.  and  Met.  Eng. ,‘  vol. 
26,  Feb.  15.  1922,  pp.  294-300. 
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Table  1.  -  Lime  sold- by  producers  in  tlie  United  States,  1919-1929. 


Hydrated  lime 

Total  lime 

Year 

Number  of 

N'umber  of 

t  ,  4  , 

plants  in 

Short 

'  Value- 

■plants  in 

Short 

Value!.' 

operation 

tons 

operation 

tons 

1919 

93 

779,408 

$  7,061,146 

■  .!'539 

3,330,347 

.$  29,448,553 

1920 

98 

853,116 

9,287,562 

.  515 

3.570.141  , 

37,543; 840 

1921 

105 

792,970 

7,421,637 

520 

2  ,  532,153 

24,  895,370 

1922 

114 

1,106,063 

9, '86  8, 9  80 

530 

3,639,617  . 

33,255,039 

1923 

•  121 

1,225,928 

•12,229,598 

‘  .  ',467-  ' 

4,076,243 

39,993,652 

1924 

120 

1 ,316,664 

13,199, 846 

450  , . 

4,072,000 

39,596,423 

1925  1 

134' 

1,560  ,  848' 

15,287,461 

■  450  . 

4  ,  580,-823^ 

42,609,141 

1926 

147  ‘ 

1,606, '811' 

15,182,460 

435 

4,  550,-398 

41,566,452 

1927 

'  157 

1,  596,906 

14,581,695 

417 

4,414,932 

33,638,413 

1928^ 

164 

1,612,818 

13,540,213 

...  ,  411  .  . 

4,458,412. 

36,449,635  .■ 

1929^ 

' 

1, 550,771 

12,771,525 

3'61  . 

4.2:69,758 

33.478,848 

^ 

2  - 


X  wiiv»  V  CA.J,  u.v=^  j.  xiuo  j.  ^  Kj  9  u*  MUJ.iiu  oxij. 

ment  mid  does  not  include’  cost  of  barrel  or  package.' 

Advance  figures  from  press  release  of  Department  of  CorraneTce  on  "Sales 
of  Lime  in  1929;"  Sept.;  16,-  1-930.'  '  • 

.  ^  'uV  ;-r  •  ■  ' 

The  xise  of  lime  in  mortar  and  plaster  was,  in  past  ages,  its  only- 
important  -use.  Coincident  with  our  modern  industrial  development 
along  tc«chnical  lines,  the  lime  industry  has  expanded  enormously  in 
the  number  of  its  technical  uses  and  thereby  has  offered  a  fertile 
field  for^ the  activities. of  the  investigator  and  writer  . 

In  the  uresent  article  -the  author  has  apprdached  the  subject 
primarily  from  the  point  of  view  of  a  systematic  arrangement  in  out¬ 
line  form  of  the  uses  of  lime,  grouping  the  various  uses  under  head¬ 
ings  indicating  f'unctions  -oerformed  by  lime.  In  order  to  show  the 
■un-osually  large  number  of  f'unctions  that  lime  can  perform, '  we  have 
included  not  only  the  well-known  uses  that  represent  large  tonnages 
but  all  the  uses  of  v;hich  we  have  authentic  records. 


In  industrial  technology  it  is  convenient  to  'divide  the  uses  of 
lime  into  three  major  groups  -  viz.,  construction  uses,  agricultural 
uses,  and  chemical  uses.  The  cons tructipn .uses  include  those  involved 
in  building  operations,  the  agricultural  Pses  are  limited  to  the  uses 
on  the  farm,  and  the  chemical  uses  include  the  very  large  ■n'umber  in¬ 
volved  in  manufact'uring  and  technical  processes.  Although  the  allo¬ 
cation  of  certain  uses  is  somewhat  arbitrary,  yet  it  seems  to  divide 
the  field  in  accordance  with  the  duties  of  the  engineer,  agronomist, 
and  chemist. 
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Holmes  gives  in  his  article  a  table  of  the  relative  importance  of 
the  various  uses  of  lime,  compiled  from  data  for  1921 'given .hy  the  United 
States  Geological  Survey.  Ihe  latest  available  figures ’ (1928)  taken  from 
Coohsiil.  on  lime  are  given  in  Table  2  end  rearranged  to  have  the  same  form  as 
the  -table  shown  b7,r  Holmes. 

The  table  shows  that  in  1928,  504,248  tons  of  lime'was  used  for 
metallurgical  work.  The  cons-ump‘tiori  of  lime 'in  flotation 'for* 'the  same  period 
was  about  one-fifth  of  this  amount.  From  this  the  conclusion  is  dr  arm  that 
about  2.5  per  cent  of  all  the  lime  consumed  is  used  in  flotation.-,  ■  ••  • 

i  . .  . 


GMSSIFICATIpN  OF  'lIUES 


Lime  in  the  true  sense  of  the  word  denotes  calcium  oxide,  but  with¬ 
in  the  industry,  usage  and  the  varied  chemical  composition  of  limestone, 
from  which  the  lime  is  obtained  by  calcination,  have  .e.xtende^  the  meaning  so 
that  it  also  connotes  a  large  -variety  of  products  varying  in  composition 
with  regard  to  the  CaO — MgO  ratio..  ,  .A  classification  is  given  in  Table  3.^:, 
which  is  a  modification  of  one  by  ipiibbs.li.  This  classification  serves  to 
remind  the  flotation  operators,  that  .d-ue  attent.ion  .shQuld  ,be  given  to  the 
composition  of  the  lime  purchased..  . . . 


Ladoo—  discusses  the  divergence  of  commercial  limes  from  the  true 
chemical  significance  of  the  t.e.rm  .lime  .as  .follows,:  . 


.  .  .  .  .  .By  proper,  .ch.emipal  nomenclature  lime  is  ^calcium 
oxide  (CaO),  but,  commercially,  lime  .is  un.der.sto.qd  to  mean  the 
.  -oroduct  of  complete  calcip?.,t,ioA  b.f  a  .’d.im.e^.to.ne,,.’,  .vrhi.ch  may.  .vary 

from  pure  calcium  carbonate  ,(.C.aQQ3.),  .to  pure  dolomite  •.(CaC03  .-  MgCOs). 
Thus,  commercial  lime  may.  cPAta.ln.  as.  liigh  as  45  per  cent  of  magnes¬ 
ium  oxide  (MgO)  as  well  a,s,  .suc.h  impur.ities.  as.  .s il.i.ca, ,  .irpn  oxide,  '  . 

.'  •  and  alumina.  .  ■  '•  ■ 

Another  author—  discuss.e.s.  .the.  .variati.op  in  l.im.ep.  in  the  follpwi-ng 

manner: 


•  .  r  The  terra  ’limestone’,  is  used  to.  des.cribe.  a  c.l.as.s.  of  rocks  vary¬ 

ing  in  composition  from  pu.re  calcium,  carbonate  .t.o.  .a  mix.tp.re  p.f.  .54.35  • 
per  cent  calcium  carbonate  with  45.65  per  cent  magnesi-um  carbonate. 
(According  to  definition  by.  National  Lime.  As.sp.c.i.at ion. .)  -Any  grada¬ 
tion  between  these  limits,  may  be  found,  and  all  limestones  cpntain 
more  or  less  impurities.  .  In  the  same  way  lime  may  vary  from  pure 
calci-um  oxide  to  a  mixture  of  calcium  and  magnesium  oxides  in  the 
corresponding  proportions. _ . 

11  -  Coons,  A.  T. ,  Uork  cited. 

12  -  Knibbs,  N.  V.  S-,  Uork  cited..  :  • 

13  -  Ladoo,  Haymond  B.,  Non-metallic  Minerals;  McGraw-Hill  Book  Co..  New 

York,  1925,  p.  310. 

14  -  Porter,  J.  M. ,  Manufacture  of  Lime:  ;^reau  of  Standards  Cir.  337,  1927, 

p.  4.  .  ‘  , 
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TalDle  2.  -  Relative  importance  of  the  various  uses  of  lime 


Uses 

Percentage 
of  total 

Short 

tons 

1927 

1928 

1927 

1928 

BUILDING . . . 

48.  7 

44.6 

3,148,  840 

1.986,465 

1 

CHEIvIICAL: 

.  ( 

. 

Sugar  refineries  . . 

.4 

.5 

16,086 

22, 678 

Tanneries  . . 

1.4 

i;4 

63,666 

■  64,464 

Glass  works  . . . . . . 

1.8 

1.7 

78,994 

76,161 

Refractory  lime  ( dead- burned  dolomite)  . . . . ‘. . 

8.5 

10.1 

374,415 

448,761 

Metallurgy . . . . . . 

9.2 

11.3 

406,063 

504,248 

Pan er  mills . . . . . . . . 

9.7 

9.6 

429,60.6 

429,334 

OTHER  USES:  . i ..... _ _ _ _ 

13.0 

13.3 

Alcohol  manufacturing  and  dellydration . 

. 

2,199 

2,302 

Alkali  works  (ammonia,  soda,  potash)  . . 

, 

.  1 
•  ' 

19,610 

6.675 

Bleaching  powder  . . . . . 

■ 

. 

5,  723 

14.970 

Bleach  liquid  . 

10,308 

18.954 

Calcium  acetate  . . 

■ 

. 

9,618 

1,643 

Calcium  carbide  . '. . . . 

• 

27,037 

32.596 

Coke  and  gas  manufacturing  (gas  pi:uifica-. 

tion  and  ulant  by-products) ..... .....  .  '.L  . . 

. 

. 

29,988 

31,011 

Creameries  and  dairies  . . . ’ . 

' 

(1) 

-  - 

Disinfectants  ^chloride  of  lime,  etc.). . 

, 

(1) 

-  - 

Flour  mills  . .  . . . 

’ 

• 

■  (!)• 

-  - 

Glue  . .’ . . 

7,  864 

8,467 

Insecticides  (suraving  material)  . . 

■ 

22,154 

19.2'*69 

Oil  and  fat  manufacturing . . 

:  ■ 

■ 

3,899 

9,119 

Oil  refining . . . . 

7,101 

(1) 

Paint  (kalsomine,’  whitewash,  varnish,  etc.)  . 

5,050 

5,017 

Rubber  . 

4,192 

3,361 

Salt  refining  . 

• 

1,210 

2,423 

Sand-lime  and  slag  brick . . . . 

■ 

43,064 

47,  527 

Sanitation  (sewage, garbage  purification, etc. ) 

2,416 

2,857 

Silica  brick  . . 

15,638 

15,735 

Soap  . . 

25,487 

33,  759 

Textiles  . . . 

■ 

1,128 

1,460 

Water  purification . . . . . . 

124,212 

145,757 

Wood  distillation . . . 

11,682 

3,899 

Undistributed^^'' . . .....' . . 

. 

, 

42,973 

53,198 

Unsuecified . . . . 

■ 

151,816 

132.392 

Agricultural  . . . . 

7.3 

■  7.5 

322,893 

333,910 

Total 

100. o! 100.0 

1 

4,414,932 

4.458,412 

Hydrated  lime  (included  in  above  totals)  ... 

- 

36.2 

36.2 

1,596,906 

1,612,818 

(1)  Included  in  "undistributed. . 

(2)  Lime  used  in  acid  neutralization  and  drying,  acetic  acid,  asphalt  and  fer- 
.  ■  tilizer  filler,  bichromate  refining,  huffing  compounds,  calcium  phosphate, 

cellulose,  corn  products,  creameries  and  dairies,  cyanide  manufacture  dis¬ 
infectants  (chloride  of  lime,  etc.),  dyes,  flour  mills,  food  products, 
gelatin  (edible),  magnesia  oil  refining,  oxygen,  purification,  retarder, 
and  stock  food. 

-  6  - 
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Tatle  3.  -  Classification  of  limes" 

- -70-^ - - 


Oxide 

■ 

f 

Hydroxide  ■ 

Comp os i 

•  ?  '■ 
per  cent 

V?"  ■  ■'  » 

tion  of  C 

.  MgC03,  , 
per  cent 

arbonate 
Other 
compo\mds , 
per  cent 

Calcium  oxide  (pure) 

Calcium  hydroxide  (pure) 

100  ' 

- 

Lime 

Hydyafe'  o'f'  lime"' 

Hi^-calcium  lime  ' 

Hydrated  lime' 

90'""^ 

0 

■0 

Quickl  ime 

Sl^ed  lime 

'■  to  "'  ' 

to 

to 

Fat  lime 

Highr-calciim  hydra te_d  litne 

■"  ibd  ''- 

. .  f  .  .  :  .  . 

TO 

10 

Caustic  lime 

Caustic  l.ime  ,  ' 

Shell  lime  '■ 

u..  ^  . 

Siliceous  lime 

Hydrated  siliceous  limev  ' 

..  ■  i 

Argillaceous  lime  . 

etc.  : 

50  .  .  . 

..0 

10 

Hydraulic  lime 

to 

to 

to 

Lean  lime 

10, 

50 

Magnesian  lime 

Magnesian  hydrated  lime; 

■  ■  "  60  ■ 

0 

Lolomitic  lime 

Hydrated  magnesian  lime,' 

to  ' 

’■  'to 

to 

etc. 

90 

40 

•  10 

Dolomitic  lime 

Hydrated  dolomitic  lime 

50 

.  "40 

0. 

Dead- burned  lime 

to 

to  . 

to 

60, 

50. .. 

10 

Dolomitic  magnesia  or 

20 

50  ,  . 

0 

dead- burned  dolomitic 

to. 

to 

to 

magnesia 

50 

80 

10 

Magnesia 

0 

•  80 

0 

Dead- burned  magnesia 

- 

to 

to 

to 

■20 

-lOO 

_ 

10 

Eckelsl^  givca  the  following  classification,  of  commercial  limes: 


1  •  ,  '  •  \ 

Q-roup  A.  High  calcim  limes :  Limes  containing  less  than  5  per 
cent  of  magnesia.  The  limes  of  this  group  differ  among  themselves 
according  to  the  amount  of  silica,  alumina,  irojn,  etc,. , ,  ppntained. 

A  lime  carrying  less  than  5  per  cent  of  such  impurities  is  a  ^'fat' 
or  'rich'  lime,  as  distinguished  from  the  more  impure  'lean'  or 
'poor'  limes.  •  •  y. 


15  -  Eckels,  Edwin  G- ,  Cements,  Limes  and  Plasters:  New  York,  1928,  pp.  98-9. 
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Grout?  B.  Magnesian  limes;  Limes  containing  over  5  per  cent  (usu¬ 
ally  30  per  (?ent  6T  over)  of  magnesia.'  These  limes  are  all  slower 
slaking- and  cooler  than  the  high-calciura  limes,  of  the  preceding  group, 
and  they  appear  to  make  a  stronger  mortar.  They  are,  however,  less 
plastic  or  ’smoo-th*,  and  in  consequence  are  disliked  "by  workmen.  As 
commercially  pra<iuccd,  they  usually  carry  over  30  per  cent  magnesia. 

16  • 

Holmes -And  Fink — -  give  a  slightly  different  classification: 

. . . .  .  .  .  .By  the  term  com¬ 
mercial  lime,  we  refer  to  the  three  and  one-half  million  tons  of 
product  made  yearly  in  this  country  'by  caloinlng  limestone  and  which 
is  placed  on • the  market  without  any  further  processes  of  chemical 
purification,' ■  lliet  this  material  may  "be  quite  different  from  corre¬ 
sponding  c,  -p,  -chemicals  is  evident  from  the  following  definitions 
as  adopted-..hy  the  American  Society  for  Testing  Materials: 

’Quicklime  is  a  calcined  material ,  the  major  oart  of  which  is 
calcium  oxide  or  calcium  oxide  in  natural  association  with  a  lesser 
amount  of  ma^esium  oxide  capable  of  slaking  with  water. 

’Hydrated. lime  is  a  dry  powder  made  by  treating  quicklime  with 
enough  water  to  satisfy  its  chemical  affinity  under  the  condition  of 
its  hvdration,-  It  consists  essentially  of  calcixim  hydroxide  or  a 
mixture  of  calcium  hydroxide  and  'magnesium  oxide  and  magnesium  hydrox¬ 
ide. 

CommerclRl  limes  are  further  classified  by  the  A.  S.  T.  M.  on 
the  basis  of  alkaline-earth  oxide  ratio  as  calcium  and  magnesium 
limes.  In  tromroon  practice  calcium  lime  is  one  containing  85  per  cent 
or  more  total'  and  magnesium  lime  is  one  containing  more  than  10 

per  cent  MgO,  In  case  the  CaO  content  is  very  high,  it  raa^r  be  called 
high  calcium  lime  and  in  case  the  magnesium  oxide  is  considerably  more 
than  10  per  cent. it  may  be  called  high-magnesium  lime. 

LadooiZ  gi'voe  practically  the  same  classification  with  more  informa¬ 
tion  on  the  subject  of  impurities. 

Lime  is  oold  in  two  forms:  (1)  Quicklime  (CaO),  and  (2)  hydrated 
lime  Ca(0H)2*  Hydrated  lime  is  formed  from  quicklime  by  adding  the 
requisite  .amount  of  water.  Winen  quicklime  is  exposed  to  the  air  for 
some  time,.- it  gradually  absorbs  carbon  dioxide  (COg)  from  the  air  and 
’air-slakes, ’  or  reverts  to  its  original  form  of  calcium  carbonate 
(CaCOs). 

Cornmerclal  limes  are  classified  according  to  their  relative  con¬ 
tent  of  CaO  and  iWgO  as  follows;  ;• 

16  -  Holmes,  M.  E. ,  and  Fink,  G.  J. ,  Fundamental  Physical  and  Chemical  Proper¬ 

ties  of  'Commercial  Lime;  I  -  Available  Lime  Content;  Chem.  and  Met.  Eng., 
vol.  27,  Ang,„23,  1922,  u.  347. 

17  -  Ladoo,  R,  B,,.:Work  cited. 
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Hi^-calciTjni  lime:  Not  less  than  90  per  cent  CaO. 

Calciiim  lime:  Not  less  than  85  per  cent  nor  more  than  90  per  cent 

CaO. 

Magnesian  lime:  Not  less  than  10  .per- cent  nor  more  than  25  per 
cent  MgO. 

.  High .magnesian  li^p:  Not  less  than  25  per  cent  MgO. 

Total  impurities'  (exclusive  of  carbon  dioxide)  should,  not  be  over 
5  per  cent  in  selected  lime  or  7.5  per  cent  in  run-of-kiln  lime. 

-  In  the  following^®,  the  leanness  of  limes  is  attributed  to  argil¬ 

laceous  components  instead  of  magnesium  oxides  as  is  the  general  practice: 

Usually  the  limit  of  ,MgO  for  'fat  limes'  is  taken  as  5  to  9  per 
cent.  Howver,  in  Palermo  and  Lombardy  they  use  fat  limes  obtained 
from  dolomitic  limestones  which  contain  as  high  as  ^40  per  cent  MgO. 

These  limes  are  free  from  or  contain  very  little  SiCg,  clay,  etc., 
while  these  impurities  are  present  in  considerable  quantities  in 
'lean'  limes.  Hence  the  'leanness'  of  limes  is  due,  not  to  MgO,  but 
to  SiOg  or  other  argillaceous  components. 

Thus,  as  was  said  before,  "lime"  is  a  broad  term.  Rarely  is  com¬ 
mercial  lime  free  from  impurities,  however,  are  not  necessarily  harmful;  but 
designation  should  be  made  as  to  the  type  of  lime  under  consideration.  In 
general,  limes  may  be  classified  as  "high- calcium"  or  "high-magnesium, ",  or 
as  "fat"  or  ."lean,"  depending  on  the  chemical  composition  of  the  stone  from 
which  they  were  produced.  Such  classification  is  important  since  the  differ¬ 
ent  varieties  have  different  properties.  In  addition  to  the  composition,  the 
manner  of  calcining  also  determines  the  character  of  the  product. 

MANUPACTUES  OP  LEvIE 

The  manufacture  or  burning  of  lime  may  be  defined  as  the  process  of 
converting  limestone  into  lime  through  the  agency  of  heat.  The  impurities 
may  or  may  not  be  removed.  It  is  apuarent,  therefore,  that  the  burning  of 
lime  is  concerned  merely  with  the  removal  of  carbon  dioxi.de  .from  the  stone. 

When  the  stone  is  heated  to  a  sufficiently  high  temperatui-c .and  kept  there 
for  a  su-ff iciently  long  time,  the  carbonates  are  dissociated  and  the  carbon 
dioxide  is  driven  off -as  a  gas. 

In  the  manufacture  qf  limp,  limestone  is  quarried,  broken  into  con¬ 
venient  sizes,  and  calcined  in  a  kiln.  Most  of  the  quicklime  produced  in  this 
country  is  made  in  shaft  kilns  in  which  the  selected  limestone  is  subjected  to 
a  temperature  above  that ’Of  the  decomposition  of  calcium  carbonate  (-900°  C- ) 
for  a  sufficient  time  to  ‘drive  off  the  carbon  dioxide.  Commonly,  kiln.-^teraper- 
atures  range  from  1,200  to  1,400°  C.  The  quality  of  limestone  suitable  for 

l6  -  Occhipinti,  Prances co.  Influence  of  Magnesia  Uoon  the  Character  of  Aerated 
Limes:  Giorn.  Chim.  ind.  Applicata,  vol.  6,  1923,  pp.  17-20.  ,  ’ 

.  .  t  '  •  ' 
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burning  may  vary  both  chemically  and  physically  wi thin' rather  wide  limits. 
Porter!^  says:  .  .  . 

.  It  must  be  remembered  that  on' 

account  of  the  loss  of  about  half  the  weight  of  the. stone  as  car¬ 
bon  dioxide  during  the  burning  the  proportion  of ’ every  other  con-.^ 
stituent  of  the  stone  will  be  nearly  doubled  in  the  lime  .... 

.  .  ,  The  amount  of  impurities  (silica  and  oxides  of  iron  and  alu-- 
minum)  permissible  in  a  finishing  lime  (quicklime  or  hydrate)  is 
very  small,  .certainly  not  over  5  per  cent  (2-1/2  per  cent  in  the 
stone).  ^  '  .  '■ 

The  best  burning  of  lime  is. obtained  by  using  the  minimum  amount  of 
heat.  Porter?^  states  as  follows " .  "  . '  ■  ,  ,  ' 

There  are  thre.e  factors  esseptial  to  the  purpose  of  lime  burn¬ 
ing:  (1)  The  stone  rnust  be  heated  to  the  temperature  of  dissocia¬ 
tion  of  the  carbonates;  (2)  the  temoerature  must  be  maintained  for 
a  certain  length  of  time;  (3)  the ‘carbo’ri  dioxide  evolved  must  be 
removed.  .  '  .  ‘  .  ' 

Many  experimients  have  been  made  to'  determine  the  temperature 
of  dissociation  of  calcium  carbonate.  The  best  and  most  recent 
work  done  op.  this  subject  has  .been  by  Johnson  and  Mitchell.  Both 
of  these  investigators  found 'the  dissociation  temperature  to  be 
898°  0.  The  corresponding  temp'erature  f,ot  magnesium  carbonate  has 
not  been  determined  as  accurately  and  the  results  are  not  at  all 
concordance,  but  the  value  756°’  C.  obtained  by  Mitchell  in  1923 
is  probably  quite  correct.  These  figuires  are  for  a  pressure  of  one 
atmosphere  of  carbon  dioxide,  a  "condition  hardly  ever  met  with  in 
practice.  The  dissociation  temoerature  of  stones  containing  mag¬ 
nesium  carbonate  depends  upon  the  mariner  of  combination  of  the  two 
carbonates.  Some  investigators  have  found  the  two  materials  to 
behave  as  separate  compounds,  dissociating  at  their  respective  tem¬ 
peratures.  On  the  other  hand,  others  have  found  the  behavior  to 
indicate  the  presence  of  a  double  salt,  with  the  dissociation  tem¬ 
perature  lying  between  that  of  calcium  carbonate  and  magnesium  car¬ 
bonate.  Recent  work  conducted  at  this,  bureau  indicated  the  latter 
condition  to  be  true. 

After  the  diss'oci'ation  temperature  bias  been  reached  it  must 
be  maintained  for  some  time  in  order  to  trarisfer  the  required 
amount  of  heat  to,  the  stone  .......  .  ...  .  .  . 

Tne  physical  properties  of  f.he,  stone  undoubtedly  have  some 
influence  on  the  arao-unt  of  heat"  reqrii red  and  the  time  in  which 
this  heat  can  be  transferred  to  any  given  temperature.  Thus,  it 
will  take  longer  to  burn  a  large  piece  of  stone  than  a  smaller  one. 

A  fine-grained,  dense  stone  will  conduct  the  heat  more  readily  than 


19  -  porter,  J.  M. ,  Page  6  of  work  cited. 

20  -  Ibid. ,  p.  8. 
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one  Fhich  is  coarsely  crystalline  and  porous.  Practical  experience 
seems  to  ‘^oint  to  the  fh.cit  that  the  crystals  themselves  require  more 
heat  to  dissociate-them  than  the  iDore  fine-;^ained  stone.  The  time 
required  to  transfer- a- given  amount  of  heat,  roughly  speaking,  varies 
inversely  with  the  temperature  difference.  Therefore,  it  has  been 
found’ economical. 'to 'use  as  high  a  tennerature  as  possible  in'  order  to 
reduce  the  time  required  for  burning.  The  upper  limit  of  the  temper¬ 
ature  is  determined  by'itbe  phenomenon  of  'overburning.  '  Overburned 
lime  can  be  recognized  bv  its  vellow  color  and’the  extreme  length  of 
time  it  takes  to  slake,  together  with  the  fact  that  it  is  appreciably 
heavier  than  the  white,  properly  burned  lime.  These  properties  are 
probably  caused  by  the  chemical  combination  of  the  lime  with  impurities 
(especially  with  silica  and  silicates)  contained  in  it  and  the  'reduc- ’ 
tion'in  the  percentage  of  pore  space  -in -the  quick-lime.  Lime  may  be 
overb-urned. by  being  heated  for  too  long-  a  time  as  well  as  at  too  high 
■.  .a  temperature.  -In  general,  it  is  better  to  under  burn  than  to  overburn 
the  lime,  for  the  unburned  stone  may  be  put  back  into  the  kiln  while 
the  Overburned  lime  i's  useless.  "Morebver*’  the  properties  of  overbum- 
ing  seem  to-  assert  themselves  gradually',  -so  that  the  best  lime  is  ob¬ 
tained  by  using  a  minimum  eumoimt  of  heat. 

PI 

Knibbs— attributes  the  character 'of  the  quicklime  to  several  factors 

The  properties  of  calcium  oxide  depend  on  the  method  of  its  forma¬ 
tion,  the  temperature  to  which  it- has  been  exposed  and  the  duration  of 
the  heating-.  .  . . ^ 

It  also  depends  upon' the 'physical  properties  of  the  carbonate. 
According  to  Xohlschutter  and  Feltknecht  the  primary  particles  of 
burnt  lime  are  crystalline,  preserving  more  or  less  the  structure  of 
the  original  substance,  but  on  continued  heating  they  aggregate  to 
form  secondary  particles.  .  . 

-■  .'Knlbbs~  eraphasiaes  the' necessity  of  proper  calcining  tenroerature 
when  he  saysi--*" 

'  •  ■  I  ,  vv  ,  ■ 

The  chemical  properties  of  magnesium  oxide  depend,^  even 'more 
than  those  of  calcium  oxide,  on  the  temperature  -  to  which  it  'has  been 
heated  and  the  duration  of  the  heating. 

.  .  .  .  The  oxide  prepared  by  heating  the  native  carbonate 

.  ,  .  .  to  redness  when  mixed  with  a  limited  amount  of 'water  sets 

hard,  but  this  property  of  hard  setting  is  not  shared  by  all  oxide 
made  at  low  temperature'^  Some  low  temperature  oxide  absorbs  water, 
like  calcium  oxide,  without  setting.  If  the  oxide  is  heated  to  a 
high  temperature  it  loses  the  property  of  absd'i'bing  water,  expecially 
if  it  contains  a  trace  of  iron  oxide,  when  artificial  periclase  is 
formed  .  Xven  the'high  temperature  product,  however,  com¬ 

bines  slowly  with  water.  .  .. 


21  -  Knibbs,  N.  V.  S. ,  Page  48  of  Work  cited. 

22  -  Knibbs,  N.  V.  S.,  Page  74  of  work  cited. 


8799 


11 


I.c.  6423 


Knib'bs—  T?rarns  against  the  overhurning  of  magnesinm  limes  since: 

Magnesian  limes  and  magnesite  are. , similarly  subject  to  over¬ 
heating,  and  the  teraoerature  at  which  they  were  dead-burned  is 
much  lower  than  that  of  pure  lime'  .  .  ..  .  .  .  '  f  • 

Since  lime,  in  most  chemical,  and  all  flotation  uses,  functions  in 
an  aqueous  solution,  the  reactions  in  water  are  far  more  important  to  the  ore 
dressing  engineer  than  the  fire  reactions.  .•  The* calcining  should,  therefore, 
be  of  such  a  nature  as  to  produce  a  quicklime .which  is  favorable  to  hydration. 

The  rate  of  hydration  is  determined  by  the  physical  and  chemical 
prooerties  of  the  quicklime  which  is  being  used..-  With  Subsequent  hydration 
in  mind,  KnibbsJtl  gives  an  explanation  of  the  physical  conditions  of  quick¬ 
lime  recently  advanced,  but  the  matter  has  never  ..been  fully  invest iga ted.- 
The  physical  and  chemical  prouerties  are  closely  related,  for  the  physical 
modifications  are  due  to  chemical  irap'urities  in  many  cases.  ■  To  quote  Knibbs: 

^  •  ' 

In  the  oneration  of  lime  burning  it  frequently  happens  that  lumps 
of  lime  are  produced  which  when  wetted  hydrate  only  very  slowly.  Such 
lime  is  said  to  be  over-burnt  or  dead  burnt.  It  is  usually  easily  dis- 
tinquishable  from  good  active  lime  by  its  appearance  and  its  weight, 
white  lime  generally  assuming  a  yellow  tinge  and  becoming  appreciably 
heavier  when  overburnt.  The  difference  in  the  rate  of  hydration  may 
be  enormous.  A  good  piece  of  lime  on  wetting  may  become  hot  and  ptart 
to  fall  to  a  powder  in  a  few  seconds,  whilst  an.  over-burnt  piece  of. 
lime  may  remain  apparently  "unchanged  for  hours  or  even  days.  The  term 
used  for  this  slow-slaking  lime  implies  the  fact  that  its  condition  is 
due  to  overheating  or  to  its  remaining  for  too  long  a  period  at  the 
high  burning  temperature,  but  an  explanation  of  the  change  in  the  lime 
which  so  alters  the  rate  of  hydration  has  been  suggested  only  compara¬ 
tively  recently,  and  the  phenomena  has  never  been  fully  investigated 


Since  compact  crystalline  carbonate  dissociates  and  the  carbon 
dioxide  escapes  without  any  breaking  up  of  the  solid,  which  retains 
exactly  the  shape  and  size  of  the  original  carbonate,  it  is  clear 
that  the  resulting  oxide  must-be  poro-us  and  of  a  veiy  fine-grained 

structure . In  spite  of  its  hi^  melting  point,  lime 

softens  at  a  comparatively  low  teraoerat'ore,  and  it  is  clear  that  the 
exceedingly  fine-grained  structure  which  must  be  formed  when,  the  car¬ 
bonate  first  parts  with  its  carbon  dioxide  may  rapidly  change,  on  con¬ 
tinued  exposure  to  heat.  The  change  will  obviously  be  in  the  direc¬ 
tion  of  reducing  the  exposed  surface  of  the  oxide,  that  is  to  say,  the 
size  of  the  individual  cells  or  pores  in  the  lime  structure  will  in¬ 
crease  whilst  the  area  of  the  enclosing  walls  will  be  reduced.  This 
may  continue  for  some  time  without  any  reduction  in  -the  total  volme 
of  the  lump,  but  finally  we  should  expect  the  cells  .to  contract  and 
the  size  of  the  whole  lump  to  diminish,  the  percentage  of  pore  space 

23  -  Knibbs,  N.  V.  S.,  Page  101  of  work  cited. 

24  -  Knibbs,  K.  V.  S. ,  Work  cited,  p.  99  et.  seq. 
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being  redticed.  'There  is  good  reason  to  believe  that  these  changes 
actually  do  take  place  under  the  ihfluence  of  heat. 

It  must  also  be  remembered  thatjust  as  the  solubility  of  a  solid 
is  affected  by  its  surface  conditions,’  so  its  chelnical  activity  is 
similarly  influenced,  and  an  exceedingly  fine-grained  s true t\ire,  which 
resembles^ a  very  fine  nowder,  is  more  reactive  than  a  coarse  structure 
or  a  smooth  surface. 

In  commercial  lime  we  have  also  to  t^e  into  account  the  impuri¬ 
ties  which  are  always  present,  and  which  reduce  the  activity  of  the  . 
oxide  in  two  ways.  In’ the  first  place,  they  are  diluents.  Silica, 
for  example,  combines  with  calcidm  oxide  to  form  the  compound  3  CaO  . 

Si02  and  in  addition  to  the  three  molecules  which  are  thus  rendered 
entirely  inactive  the  calciuiii  silicate' acts  as  a  diluent  to  the 
oxide.  Moreover,  at  hi ^  temperatures  either  more  basis  compounds 
or  solid  solutions  of  the  silicate  with  calcium  oxide  are  formed, 
and  the  additional  oxide  so  combined ’or  associated  with  the  silica 
is  rendered  entirely  or  partially  inactive.  Alumina  and  iron  oxide 
act  in  the  same  way  as  silica’.  In'-  the  second  place,  these  impurities 
increase  the  tendency  towards  the  reduction  of  surface  by  reducing 
the  temperature  at  ^hich  softening,  and  therefore  contracting,,  takes 
place.  The  'combination  of  these  two  effects  accounts  for  the  very 
considerable  influence  which  the  amount  and  type  of  the  impurities 
exert  on  the  relation  between  activity  and  burning  temperature, 

HYmATION 

Hydrated  lime,  'the  dr'y" hydrate,  is  a  produce  of  comparatively  recent 
origin.  It  is  lime  in  which  the  combination  with  water  has  already  taken 
place.  Holmes  and  Fink^  say: 

Hydrated  lime  is  now  made  by  mechanical  processes  which  vary 
somewhat,'  but  all  involve  the  thorough  mixing  of  quicklime  with  the 
predetermined  quantity  of  water  required  for  complete  hydration  and 
maintenance  of  the  most  favorable  conditions  for  hydration  .  . 

Until  recently  most  of  the  lime  used  in  the  building  industry  and 
some  of  the  lime  consumed  in  the  chemical  industry  was  hydrated  by  hand. 
However,  a  good  mechanical  hydrator  does  the  work  better.  Mechanical  hydrators 
are  of  two  types:  Those  that  hydrate  to  a  milk  of  lime  and  those  in  which  the 
hydration  is  to  a  dry  nowder. 

Lime  sometimes  burns  when  slaking.  This  is  discussed  by  Porter^^-- 
who  says :  '  •  -  r- 

The  actual  slaking  of  the  lime  takes  place  in  an  apparatus  called 
the  hydrator.  Theoretically,  the  only  function  it  has  to  perform  is 
to  mix  the  lime  and  water  thorou^ly  and  quickly,  to  prevent  burning 

25  -  Holmes,  M.  E. ,  and  Pink,  G.  J. ,  Page  347  of  work  cited. 

26  -  Porter,  J.  M. ,  Pages  68  and  69  of  work  cited. 


8799 


-  13  - 


I.C.  6423 


the  lime  by  local  overheating.  Just  what  happens  when  lime  'burns* 
during  slaking  is  not  well  understood.  If  a- ‘lump  of  liine  is  given 
enough  water  to  start  hydration  but  not  enough  to  complete  the  pro¬ 
cess,  the  unslaked  portion  will  'burn',  and  become  practically  use¬ 
less.  This  phenomenon  is  probably  due  to  some  change  in  the  physical 
condition  of  the  lime  caused  by  concentrating  the  heat,  it  is,  there¬ 
fore,  absolutely  necessary  that  sufficient  water  be  added  and  that  it' 
shall  be  mixed  with  the  lime  very  thoroughly  and  quickly  '.  ...  .  . 

■Jlhatever  the  system  of  hydration,  the  material  discharged  from  the 
hydrator  is  much  the  same.  Knibbs—  states:  •  ^  ■  . 

Whatever  the  system  of  hydration,-  th'e’  material  discharged  from  the 
hydrator  is  a  mixture'of  fine’ hydrate  and' lumps  of  unhydrated  lime, - 
limpy  hydrate,  impurities,  unb’urnt' stone,  etc.  Some  manufacturers 
grind  the  lime  very  finely  before  hydration;  but  this  practice  is  not 
to  be  recommended  because  it  prevents  the' separation  of  gobd  fine 
hydrate  from  impurities,  etc.  ,’  'which  should  be"  the  first  stei?' after 

the  process  of  actual  hydration  .’.  .'-i 

.  ..  . 

The  fine  hydrate  is  separated  from^  the  coarse- material  by  means  ’- 
of  either  screens  or  air  separators.  ■  J 

A  booklet  by  the  American  Steel  and  Wire’  Co.  —  in  discussing  the 
slaking  of  lime  recommends  the  use  of  hot  watei^  ‘and  not  more  than  4  pounds"' of 
water  to  1  pound  of  lime.  It  drops  the  caution  that  the  lime  so  slaked  does 
not  wholly  loose  its  granular  nature.  It  says: 

When  quick  lime  is  treated  with  water,  heat ‘is • given  off  and  the 
lime  is  reduced  to  paste  or  mud  of  lime.  If  core  is  present,  lumps- 
of  it  will  be  found  unslaked.  Not  more  than  four  po-unds  of  water'  should 
be  added  to  one  of  lime  to  slake  it.  If  convenient,  hot  water  gives 
better  and  quicker  results  than  very  cold  water.  In  -fact-,  vefy  cold 
water  sho-uld  be  used  very  car  efully- in  slaking  lime.  'If  too  much  be''- 
used  at  one  time,  the  lime  will  hot-  slake  properly.  On’  the  contrary'* 
care  must  also  bo  -used  in  slaking  lime'with  warm  water,  lest'  the  lime 
get  too  hot  and  burn.  When  it  gets  too  hot,  more  water  should  be  added 
and  the  lime  stirred  with  a  mortarmah's  hoe.  In  case  mechani«al  stirring 
devices  are  provided, -"the  lime- can  be  stirred  mechanically  and  this  is 
much  better  than  uslng'manml  labor.  Any'Soft,  mushy  lumps  m-ust  be 
broken  up  to  allow ’the  water  to  get  to  the  center  of  ^  them.  •  'When  the 
lime  has  ceased  to  bubble  and  absorb  water,  it  has  pass'ed  the  danger 
stage  and  may  be  left  till  required.  It  will  continue  to  undergo  more 
perfect  slaking  if  left  to  lie  as  a  thick  mud  for  a  number  of  hours. 

When  it  ha.s  been  slaked  it  has  then  become  a  hydrated  lime,  and 
is  in  mxLch  the  same  condition  that  a  dry  hydrated  lime  would  be  if 
mixed  into  a  thick  mud  with  warm  water.  There  is  this  exception:  a 
quick  lime  slaked  as  above  does  not  wholly  lose  its  granular  character. 


27  -  Knibbs,  N.  ’V.  S.,  Pages  193  and  194  of  work  cited. 

28  -  Manual  of  American  Steel  and  Wire  Co. 's  System  of  Water  Purification;  Jan¬ 

uary,  1916,  reprinted  August,  1926;  Chicago,  Illinois,  p.  48. 
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says : 


Lead  or  trass  must  not  come  in  contact  with  lime, 

«» 


The  same  "booklet 


29 


Lime  will  quickly  attack  lead  and  dissolve  it.  Brass  offers  a 
better  resistance,  but  is. rather  quidcly  destroyed,  so  it  is  not  ad¬ 
visable  to  use  any  lead  or  brass  in  considering  devices  where-  they 
will  come  in  contact  with  the  lime  solution.  Wood  offers  an  excel¬ 
lent  resistance,  and  cast- iron  a  still  better  one  to  the  action  of 
this  reagent,  and- therefore,- these  two  materials  afford  us  the  best 
possibilities  for  construction  of  the  stirring  devices. 

Knibbs—  summarizes  some  of  the  chemistry  of  lime  and  hydrated  lime: 

Calcium  oxi de, does ^ not  dissolve  in  water  without  first  being  con¬ 
verted  into  hydroxide.  It  therefore  has  no  solubility  in  water  .... 

....  The  solubility  of ,  the  hydroxide  has  "been  determined  many 
times,  and  there  is  considerable  disci’epancy  between  some  of  the 
figures  given  .... 

The  solubility  of  calcium  hydroxide  is  increased  by  the  presence 
of  chlorides  or  nitrates  of  the,  alkali  metals  and  ammonium,  the  in¬ 
crease  being  due  probably  to  both, double  decomposition  and  the  forma¬ 
tion  of  complex  salts  (e.  g.  2  NH'4C1  •  Ca(0H)2  or  Ca  ^2^^* 

It  is  also  increased  by  the  presence  of  calcium  chloride  or  nitrate, 
and  here  the  effect  must  be  due  to  the  formation  of  an  oxy-salt  .... 

Calcium  oxide,  if  pure,  readily  combines  with  water  to  form  the 
hydroxide.  Ordinary  lime,  made  by  calcining  the  carbonate,  is  porous 
and  on  moistening  a  livnp  of  it  the  water  is  at  once  absorbed  into  the 
pores  and  rauidly  penetrates  to  its  heart.  Combination  then  sets  in 
accomoanied  by  an  increase  in  volume,  so  that  the  lump  breaks  up, 
sometimes  with  explosive  violence,  and  eventually  falls  to  powder 


Exoosed  to  ordinary  air  calcium  oxide  combines  with  moisture  and 
carbon  dioxide,  and  if  originally  in  lunp  form,  it  falls  to  powder 
(air  slaked  Jime).  Calcium  oxide  at  ordinary  temperatures  and  in 
the  absence  of  water  apoarently  does  not  combine  with  carbon  dioxide, 
and  in  air  slaking  the  first  reaction  is  the  formation  of  the  hydrox¬ 
ide  .  Pure  limes  hydrate  rauidly  (comnlete  in  10  to  50  days), 

and  take  uu  more  water  than  is  theoretically  required  for  the  comolete 
conversion  of  the  oxide  to  the  hydroxide.  Very  little  carbon  dioxide 
is  absorbed  until  hydration  is  complete,  and  the  water  content  de¬ 
creases  as  the  hydroxide  is  converted  into  carbonate,  but  an  excess 
of  water  is  always  retained,  presumably  absorbed  on  the  carbonate  or 
hydroxide.  Magnesian  limes  absorb  both  water  and  carbon  dioxide  more 
regularly  and  more  concurrently.  Siliceous  limes  are  variable  .  .  .  . 


29  -  See  footnote  28. 

30  -  Knibbs,  JJ.  S.  V.,  Pages  39,  48,  and  49  of  work  cited. 
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The  properties  of  the  hycfrate  vary  with  the  method  of  making  it. 

The  metallurgist  desires  a  hydrate  that  will  remain  in  suspension  for  maximum 
reactivity.  He  can  control  this  by  regulating . the  amount  of  water  used  for 
hydration.  If -he  buys  the  hydrate  he  should, learn  the  method  of  preparation, 
Knibbs^l.  says : 

The  prooerties  of  calcium  hydroxide  vary  considerably  according 
to  the  method  of  its  preparation  and  the  nature  of  the  lime  from 
which  it  is  made.  Lime  hydrated  in  an  excess  of  water  is  generally 
more  reactive  than  that  made  by  adding  Just  sufficient  water  to  pro¬ 
duce  dr'"’  hydroxide . .  . 

...  Ho  satisfactory  explanation  of  these  facts  has  yet  been  given, 
and  further  investigation  is  required.  It  has  been  suggested  that 
the  hydrate  formed  by  dry  hydration  is  crystalline,  or  in  some  form 
of  molecular  aggregation  that  renders  it  less  soluble.  It ‘is  evident 
that  there  is  some  difference,  but  its  exact  nature  remains  to  ho 
elucidated.  The  hydroxide  formed  by  hydrating  in  excess  water  is 
very  slightly  dispersed,  and  the  solubility  of  the  minute  particles 
formed  will  be  aopreciably  higher  than  that  of  the  comparatively 
large  particles  of  the  dry  hydrate,  and  the  time  taken  by  the  former 
to  saturate  the  solution  will  be  less, 

•  J 

.  Owing  to  its  low  solubility  in  water  calcium  hydroxide  is  gen¬ 
erally  employed  in  the  form  of  'milk  of  lime'  when  req'uired  for  a 
reaction  in  an  aqueous  solution.  Milk  of  lime  is  a  syspension  of 
the  hydroxide  in  a  saturated  aqueous  solution.  It  may  be  prepared 
in  any  strength,  from  an  actual  solution  containing  no  lime  in  sus¬ 
pension  to  a  thick  slurry  which  will  barely  flow  and  containing 

about  50  per  cent  of  hydroxide  in  suspension  . 

...  It  is  evident  ....  that  lime  hydrated  to  a  dry  powder  is 
in  a  form  that  settles  much  more  rapidly  than  that  hydrated  in  ex¬ 
cess  of  water  .  Wet  hydrate  on  drying  partially  loses  its 

property  of  slow  settling,  and  resembles  that  prepared  in  a  dry  way, 
but  its  prooerties  depend  upon  the  temperat\ire  at  which  it  has  been 
dried. 

Kohlschutter  and  Walther,  and  Kohlschutter  and  Feitknecht  have 
shown  that  the  rate  of  settling  of  the  hydroxide  is  changed  by  hydrat¬ 
ing  the  oxide  in  various  solutions,  and  they  measured  the  rate  of 
sedimentation  in  a  number  of  salt  solutions  of  different  concentra¬ 
tions.  They  conclude  that  there  is  a  colloidal  form  of  the  hydroxide 

between  the  solid  and  the  true  solution  .  Kosmann  maintains 

that  in  milk  of  lime  there  exist  various  hydrates  u-o  to  Ca  (0H)2  • 

7  H2O  or  H7  Ca'(0H)g.  It  is  certainly  hi^ly  probable  that  there  is 
some  loose  form  of  combination  between  the  dispersed  hydroxide  and 
water,  but  it  is  doubtful  whether  any  definite  chemical  compound  is 
formed.  The  water  molecules  are  probably  merely  absorbed.  The  par¬ 
ticles  of  hydroxide  prepared  in  a  dry  way  are  probably  relatively 
large  and  in  water  the  degree  of  dispersion  is  much  less.  Consequently 


31  -  Knibbs,  N.  S.  V.,  Pages  50-53  of  work  cited. 
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the  exposed  surface  is  much  less  and  the  amount  of  water  adsorbed  will 
be  corresuondingly  lower»..  Such  hydroxide  tends  to  disperse  on  stand¬ 
ing  in  contact  with  water 

Magnesium  limes  may.  be  expected  to^settle  more  quickly  than  calcium 
limes.  This  is  mentioned  by  Holmes  and  Find,.?^  who  state: 

The  characteristics  of .  milk  of  a  lime  suspension  are  of  consider¬ 
able  imuortance  in  connection  with  the  use.of  lime  in  many  chemical 
and  industrial  processes.  The  rate  of  settling  or  permanancy  of  such 
a  suspension  is  of  particular  and  direct  importance  in, such  processes 
as  the  unhairing  and  plumping  of  hides,  the 'preparation  of  glue  and 
gelatin,  the  defecation  of  sugar  juices,  preparation  of  whitewashes 
and  lime  paints,  the  preparation  and  uses  of  'sprays  and, insecticides, 
the  treatment  of  water  supplies,  sewage  disppsal,  treatment  of  tex¬ 
tiles,  and  sauonification  and  clarification  of  fats.  ,  In  other  pro¬ 
cesses  involving  the  use  of  lime,  such  as  causticizing,  preparation 
of  bleach  and  bleaching  solutions  and  a  number  of  processes  in  other 
industries,  this  property  is  of  indirec|;.,ir^ortance  in  influencing  the 
rate  of  reaction,  rate  of  settl ing 'of  sludges ,  etc . 

The  data  .  .  .  .  indicate  that  suspensions  of  magnesium  limes 
as  a  class  settle  much  more  rapidly  than  do  suspensions  of  calcium 
limes.  This  may  probably  be  explained  by  the ‘fact  that  in  calcining 
a  magnesium  lime  the,  temperature  required  to  decompose  the  calcium 
carbonate  is  very  much  above  that  required  for  the  magnesium  carbonate. 
The  resulting  magnesia  is  therefore  superheated  and  is  not  so  thorough¬ 
ly  dispersed  in  the  slaking  of  the  lime.  The  suspensions  of  the  mater- 
,  ial  would  consequently  be  expected  in  general  to  contain  a  large  pro¬ 
portion  of  coarse  material  and  to  settle  more  freely  than  that  obtained 
from  .high- calcium  lime,  which  may  be  . thoroughly  disintegrated  and  dis¬ 
uers  ed. 

From  a  consideration  of  the  data,.  ...  .it  can  also  be  said 
that  those  limes,  both  calcium  and  magnesium,  which  as  a  class  have 
a  high  available  lime  content,  settle  slowest.  It  would  naturally  be 
expected  that  the  higher  this  value  the  greater  the  number  of  par¬ 
ticles  of  the  quicklime  to  undergo  reaction  during  hydration . 

A  third  generalization  can  be  made  -  viz.,  that  among  the  cal¬ 
cium  limes  the  freshly  slaked  materials  settle  more  slowly  than  the 
susuensions  made  from  mechanically  hydrated  limes.  As  pointed  out 
above,  the  conditions  obtaining  in  the  mechanical  hydration  are  such 
as  to  favor  high  teraperatiires ,  which  would  tend  to  induce  certain 
che.nical  reactions  resulting  perhaps  in  the  formation  of  small  quan¬ 
tities  of  'oxyhydrate’  which  is  'described  by  Ihiley  as  'a  hard,  gritty, 
yellowish  material  which  shows  a  tendency  to  crystallize.'  . 


32  -  Holmes,  M.  E. ,  and  Fink,  G.J. ,  Fundamental  Properties  of  Commercial  Limes; 
II  -  The  Settling  of 'Milk  of  Lime  Suspensions:  Chem.  and  Met.  Eng.,  vol. 
27,  Dec.  20,  1922,  pp.  1212-1216. 
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>  ■  •  It  will*alsb  be  rioted  that  the  differences  between  the  settling 

rate's  of  hydrates  are  ranch  less  than  the  differences  between  the  rates 
of  settling  of  the  freshly  slaked  raaterial.  Slaking  with  excess  of 
water  brings  out  the  individual  characteristics  of  the  liraes  in  this 
respect,  while  mechanical  hydration  tends  to  smooth  out  or  reduce 
these  differences.  Extreme  conditions  in  the  rate  of  settling. are 
therefore  best  obtainable  with  quicklime.  On  the  other  hand,  the  use 
of  hydrated  limes  will  result  in  greater  uniformity . . 

The  differences  between  the  slaked  magnesium  limes  and  correspond¬ 
ing  hydrates  are  much"  less  than  in  the  case  of  the  calci'um  limes.  .The 
conditions  obtaining  in  the  mechanical  hydration  and  storage,  as  com¬ 
pared  with  the  slaking  process,  are  probably  more  favorable  for  hydra¬ 
tion  of  the  magnesia,  thereby  minimizing  the  difference  in  the  degree 
of  dispersion  and  settling  rate  of  the  magnesium  limes. 

Knibbs^  discusses  the  general  influence  of  chemical  composition. 
He  shows  that  when  more  neutralization  only  is  desired,  magnesia  is  more  ef¬ 
fective  than  lime:’ 

•  •  •  • 

The  impurities  conimonly  present  in  ordinary  lime-  are  silica,  alu¬ 
mina,  iron  oxide,  sulphate  and  magnesia.  In  many  reactions  magnesia 
is  as  effective  as  calcium  oxide,  and. therefore  it  does  not  come  under 
quite  the  same  category  as  the  other  impurities  . 

All  the  above-mpntioned  impurities  except  magnesia  combine  with 
calci'um  oxide,  and  silica  and  alumina  which  may  not  be  combined  with 
limestone  generally  combine. completely  with  the  lime  during  calcina¬ 
tion.  The  composition  of  the  compounds  formed  are  not  easy  to  deter¬ 
mine,  but  they  are  generally  assumed  to  be  3  CaO  .  Si02i  2  CaO  ‘Al^Os, 
and  2  CaO  •  Pe203.  It  is  probable,  however,  that  even  more  basic 
compounds  than  these  are  actually  present  in  the  lime,  and  this  suppo¬ 
sition  receives  suuuort  from  the  fact  that  the  'available  lime'  esti¬ 
mated  in  the  usual  manner . is  not  a  measure  of  the  value  of 

a  lime  in  all  reactions,  but  in  reactions  such  as  those  of  water 
softening,  sugar  refining,  causticizing,  carbon  dioxide  absorption, 
and  in  general  where  there  is  no  strong  acid  radical  involved  it 
fairly  dorrectly  reveals  its  true  value.  Wlien  a  strong  acid  radical 
is  present  the  compound  of.calqiura  oxide  with  silica,  alumina,  or 
iron  oxide  is  generally  attacked  to  some  extent,  and  the  uercentage 
of  lime  actually  reacting  is  greater  than  the  'available  lime'  ob¬ 
tained  by  analysis. 

4  *  - 

In 'many  reactions,  magnesia  is  as  effective  as  lime,  and,  in  fact, 
wei^'t  for  wei^t.,  it. is- more  effective  because  of  its  lower  equiva¬ 
lent  wei^t.  For  example,  where  the- lime  is  used  merely  to  neutral¬ 
ize  add'  Ob  where  it  is  employed  as  a  carrier,  as  in  the  sulphite 
liquor  used  in  paper  manufacture,  the  presence  of  magnesia  is  not 
-  detrimental.  In  the  majority  of  its  chemical  uses,  however,  magnesia 
is  either  much  less  effective  than  lime.(e.  g.  in  causticizing  soda) 
or  is  undesirable  in  the  product  made  (e.  g.  in  bleaching  powder)  or 
both.  1 


33  -  Knibbs,  N.  V.  S.,  Page  219  of  work  cited. 
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The  effect  of  incomplete  calcination  varies  with  different  limes. 

A  core  or  .yolk  of  unhurnt  stone  may  remain  intact  after  slaking,  or 
it  may  break  up  partially  or  completel.y  and  contaminate  the  hydrate. 

It  is  important  to  use!  a  lime  in  which  the  unburnt  core,  if  there  is 
any,  remains  intact  for .manufacturing  of  bleaching  powder  and  other  . 
purposes  in  which  low. carbon  dioxide  content  of  'the  hydrate  is  de- 
sired. 

Going  further  with  -the'chemical  properties  of  magnesium  oxide, 
Xnibbs5£  states;.-  .  .  _ 

•  . "  *  .*...**•  ■> 

The  properties  of •  the  hydroxide  have  not  been  much  studie'd.  In 
general  it  behaves  like  calcium  hydroxide  but  it  is  a  weaker,  base 
and  is  much. -less  soluble.  It  combines  with  carbon  dioxide  and  acids 
in_the  same  wa.y  as  calcium  hydroxide  but  with  lesP  avidity.  A  sus¬ 
pension  of  ..magnesia.,  in  water  (milk,  of  magnesia)  absorbs' sulphur 
dioxide  and^hyd^o^n  sulphide  .  ,  .  .  ‘  ' 

Although  there  seems  to  be  some  disagreement  among  authorities  as  to 
the  proper  method  of  hydration,  they  agree  that  the  product  is  influenced  by 
the  method  of  adding  .water;  and  in  general,  they  favor  hydration  with  an  ex¬ 
cess  of  water  over  that  required  by  theory.  The  advantages  and  disadvantages 
of  magnesium  in  hydrated  lime  will  receive  further  consideration.  , 

:•  .-I"  LIMS'  III  WATER  TREAMENT  '  ' 

. .  i  -  »  •  '  ■ 

The  purification  of  water  by  lime  affords  a  study  of  chemical  reac¬ 
tions  that  the  ore-dressing  engineer  has  to  take  into  consideration  when  he 
uses  lime  in  flotation.  Lime  will'  rieli'eve  temporary  hardness  by  breaking  up 
the  bicarbonates,  and  soda  ash  will  precipitate  the  ions  of  calcium  and  mag¬ 
nesium  that  remain  as  sulphates..  This  does  not  entirely  purify  the  water 
because  sodium  sulphate  is  left  in  so-lution.  '  The  following  excprpt  from  the 
National  Lime;- Association  bulletin^^  gives  a  more  complete  presentation  of 
the  chemis try^ and  practice ;  ' 


The  elements  of  calcium  and  magnesium,  in  combination  mainly  as 
carbonates  and  sulphates, '.with  small  amounts  of  chlorides 'and 'nitrates, 
are  responsibly -’for  the 'hardness  ■'of  water.  This  hardness  becomes  ob¬ 
jectionable  when  the 'salts  are  present  in  amounts  sufficient  to  form 
a  curd  with  soap,  and  a. scale -when  the  water  is  heated  or  evaporated. 

Calcium  carbonate  and  magnesium  carbonate  are  practically  insolu¬ 
ble  in  water,  •  but  since'  all  neutral  waters  carry  the  gas-carbon  dioxide, 
the  weak  carbonic -acid  which  forms  when  CCg  comes  into  contact  with 
water,  is  capable  of  dissolving  and  holding  in  solution  these  carbonates 
of  calci'um  and  magnesium  to  produce'  the’  bicarbonates,  or  what  is  known 
as  the  'temporary  hardness '  of  water. 

The  rater  is  softened  by  the  removal  of  the  carbonic  acid  either 
by  heating,  which  is  not  a  practical  method,  or  by  the  addition  of 
lime.  When  lime  is  added  to  waters  containing  dissolved  limestone, 

34  -  Knibbs,  N.  V.  S. ,  Page  74  of  work  cited. 

35  -  See  footnote  5. 
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it  will  absorb  the  carbon  dioxide  which  holds  it  in  solution,  the  lime 
itself  being  changed  back  to  calcium  carbonate,  or  limestone.  The 
limestone  so  formed,  as  well  as  that  originally  found  in  the  water, 
being  deprived  of  their  solvent,  carbon  dioxide,  both  become  insoluble, 
settle  out  of  the  water  and  are  removed  as  sludge. 

Magnesium  carbonate  is  slightly  soluble  in  water  and  must  there¬ 
fore  be  converted  to  the  more  insoluble  magnesium  hydroxide  before  it 
can  be  properly  precipitated.  This  reaction  is  bro\:i^t  about  by  add¬ 
ing  additional  lime,  which  produces  magnesium  hydroxide  and  calcium 
carbonate,  both  of  which  are  insoluble  and  easily  removed. 

The  sulphates  of  calcium  and  magnesium,  known  respectively  as 
gypsum  and  Epsom  salts,  are  both  soluble  in  water  and  require  the  addi¬ 
tion  of  soda  ash,  or  sodium  carbonate,  for  their  removal.  They  pro¬ 
duce  what  is  called  ’permanent  hardness. '  The  soda  ash,  by  effecting 
a  double  decomposition  of  the  soluble  sxilphates,  removes  the  calcium 
and  magnesi-um  by  precipitation  as  carbonates,  leaving  the  soluble 
sodium  sulphate,  which  does  not  cause  hardness,  in  the  water.  The 
small  amounts  of  chlorides  and  nitrates  which  may  be  present  are  re¬ 
moved  along  with  the  sulphates. 

It  may  be  added  that  lime  neutralizes  acid,  precioitates  ferric  sul¬ 
phate,  hastens  the  oxidation  of  ferrous  sulphate,  which  in  turn  is  precipitated. 
Organic  matter  inherent  in  the  water  is  likely  to  be  carried  down  by  the  pre¬ 
cipitates. 

Of  interest  to  those  who  are  confronted  with  the  problem  of  liming 
mine  waters  containing  iron  salts  is  the  observation  that  ferrous  sulphate 
accelerates  the  purifying  effect  of  lime.  The  main  purpose  of  the  booklet  by 
the  American  Steel  and  Wire  Co.,^  already  mentioned,  is  to  promote  ferrous 
sulphate  as  a  purifier.  It  deals  with  water  piirif ication  in  a  broad  and 
thorough  manner.  The  reading  of  the  following  excerpt  from  the  section  on 
"Alkalinities"  may  well  be  followed  by  a  thorough  study  of  the  booklet: 

.  It  will  be  seen  that  alkalinity  may  be  of  three  kinds, 

either  caustic,  monocarbonate  or  bicarbonate;  that  a  caustic  alkalinity 
will  give  a  pink  color  to  a  phenolphthaleine  test  solution,  and  that 
the  same  color  will  be  developed  by  a  monocarbonate  alkalinity,  and 
that  therefore  the  fact  that  a  water  turns  pink  when  phenolphthaleine  is 
added  does  not  necessarily  mean  that  caustics  are  present.  Thus  a  water 
may  have  only  a  caustic  alkalinity  or  the  alkalinity  may  be  wholly  mono¬ 
carbonate  in  type  or  it  may  be  a  mixture  of  the  two.  Or  it  may  be 
wholly  of  a  bicarbonate  type  or  a  mixture  of  bicarbonate  and  monocarbonate 
alkalinity.  A  caustic  alkalinity  and  a  bicarbonate  alkalinity  cannot, 
however,  exist  in  the  same  water,  and  where  free  carbon  dioxide  is  found 
neither  caustic  nor  monocarbonate  alkalinity  will  be  present. 

From  the  nreceding  it  follows  that  six  possible  conditions  of  al¬ 
kalinity  might  arise.  The  operator  must  be  able  to  determine  which  one 
of  these  actually  exists  in  any  given  water.  He  must  also  be  able  to 

36  -  See  footnote  15,  page  92  of  work  cited. 
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tell  just  how  much  of  any  type  of  allcalinity  is  present  in  any  water 
as  well  as  the  total  combined  alkalinity  of  all  types  present. 


These  six 

I.  T&en 

II.  Cien 

III.  THJien 


possible  conditions  are  as  follows: 
caustic  alkalinity  only,  is  present, 
monocarbonate  alkalinity  only  is  present, 
bicarbonate  alkalinity  only  is  present. 


IV.  TOien  a  mixture  of  caustic  and  raonocarbonate  alkalinity  exists. 

V.  When  a  mixture  of  monocarbonate  and  bicarbonate  alkalinity 
exists. 

VI.  When  a  mixture  of  bicarbonate  alkalinity  and  free  carbonic 

acid  exists.  ..  . 


Some  flotation  reagents  will  permit  the  use  of  a  variety  of  waters, 
for  example,  some  alkaline  reagents  are  known  to  work  almost  as  well  in  acid 
as  in  alkaline  water,  but  generally  the  chemical  condition  of  the  water  has  to 
be  controlled  between  narrow  limits.  An  example  of  the  necessity  of  precise 
water  treatment  is  the . conditioning  of  water  for  soap  as  a  flotation  reagent. 
Oleic  acic  and  the  oleates  are  the  most  common,  reagents  for  the  nonsulphides, 
and  it  is  well  known  that  they  are  made  inert  by  hard  water.  The  frequent 
references  in  the  flotation  literature  to  the  degree  of  alkalinity  indicate 
that  a  thorou^  knowledge  of  water  treatment  is  required;  lime  is  the  outstand¬ 
ing  reagent  for  this  purpose. 


LIME  IN  CYANIDING 


Lime  from  Limestone 

One  of  the  principal  determinants  of  the  use  of  lime  in  ore  dressing 
has  been  its  abundance  and  cheapness.  In  some  cases  its  pumose  could  be 
accomplished  somewhat  more  efficiently  by  the  use  of  a  more  expensive  alkali, 
but  the  additional  cost  is  not  merited.  In  other  cases  the  chemical  properties 
of  lime  are  more  desirable  than  those  of  other  alkalies. 

It  is  not  unlikely  that  the  first  extensive  use  of  lime  in  ore  dress¬ 
ing  was  in  the  cyanidation  process,  or  in  connection  with  it.  At  least  we  know 
that  it  was  used  extensively  for  two  purposes,  namely,  neutralizing  acid  and 
settling  slime.  Its  function  in  cyanidation  is  summarized  by  Clennell.^Z 

Lime  is  universally  used  as  a  neutralizing  agent,  and  is  frequently 
added  in  the  battery  to  counteract  the  effect  of  soluble  acid  salts  in 
the  mill  or  mine  water;  it  is  also  used  as  a  coagulating  agent  in  bring¬ 
ing  about  the  settlement  of  slimes.  It  is  added  to  the  cyanide  solution 
as  a  protection  against  the  soluble  and  insoluble  cyanicides  in  the  raa- 

_ terial  treated,  and  also  against  atmospheric  carbonic  acid . . 

37  -  Clennell,  J.  E-,  The  Cyanide  Handbook;  -New  York,  1915,  p.  537. 


8799 


21 


I.C.  6423 


Since  slime  treatment  is  conducted  at  a  higher  pulp  density  than  is 
often  obtained  from  the  mill ing' operations,  there  must  be  a  de^i^atering  of  the 
pulp  betireen  the  mill  -oropcr  and  the  cyanide  plant.  Such  dewatering  is  accomp¬ 
lished  by  settling  and  decantation,  but  owing  to  the  presence  of  amoruhous 
clayey  matter,  it  is  often  impossible  to  settle  the  pulp  and  obtain  a  clear 
overflow  without  adding  some  substance  which  will  cause  coagulation  or  floccu¬ 
lation  of  the  clayey  material.  Hamilton^^  says  about  coagulation: 

. Ihe  substance  most  commonly  used  for  this  purpose 

is  lime  both  on  account  of  its  cheapness  and  also  because  of  its  use¬ 
fulness  as  an  alkaline  urotector  for  the  cyanide.  Many  other  sub¬ 
stances  have  a  similar  effect  though  varying  in  degree,  such  as  alum, 
calcium  carbonate,  sulphuric  acid,  ferrous  and  ferric  sulphate,  and 
calcium  sulphate.  Lime  usually  forms  a  coarser  grained  and  more 
flocculent  curd  with  a  more  brilliantly  clear  supernatant  liquor  than 
any  other  electrolyte,  but  the  precipitated  mass  does  not  settle  as 
densely  as  that  produced  by  some  of  the  others  . 

'ZQ 

Hofman—  explains  the  precipitating  action  of  lime  by  discussing  the 
coagulating  newer  of  electrolytes: 

.  Coming  to  slimes  proper,  they  may  be  said  to  con¬ 
sist  of  three  classes  of  substances:  Suspension,  colloidal  suspensions, 
and  colloids  pectoids  of  Cushman-Hubbard) .  A  suspension  is  a  finely 
divided  substance  stirred  up  in  water,  which  will  settle  out  gradually 
Tdien  left  in  repose;  the  addition  of  an  electrolyte  to  the  water  has 
no  effect  upon  the  settling;  the  solid  matter  recovered  by  evanorating 
the  water  shows  no  change  in  its  physical  properties;  the  solid  matter 
can  be  separated  from  the  water  by  filtration.  A  colloid  represents 
suspended  "Darticles  which  by  carrying  positive  or  negative  electric 
charges  repel  one  another  continuously  and  thus  counteract  the  clarify¬ 
ing  force  of  gravity;  the  addition  of  an  electrolyte  neutralizing  the 
electric  charges  causes  the  particles  to  coagulate*  whereupon  they 
settle  out  and  carry  down  with  them  ordinary  suspensions;  the  solid  ' 
matter  recovered  by  evaporation  has  lost  its  colloidal  properties;  the 
solid  matter  cannot  be  separated  by  filtration.  A  colloidal  suspension 
represents  a  transition  stage  between  the  two  extremes,  and  slimes  be¬ 
long  to  this  category.  As  far  as  practical  purposes  are  concerned,  a 
slime  mav  be  defined  as  a  colloidal  suspension  of  finely  crushed  ore 
after  48  hours  repose.  ' 

The  coagulating  power  of  an  electrolyte  depends  upon ■ the  valency 
of  the  kation.  With  the  value  of  a  univalent  kation  equal  1,  that  of 
a  bivalent  is  30  to  40,  that  of  a  tri valent  500  to  1,'000.  If  1  part 
FeO-salt  settles  2,000  parts  slimy  water,  1  part  F02O3-salt  will 
settle  60,000  parts;  1  part  CaO  settles  1,500  to  1,800  parts.  The 
figures  "in  the  table  below"  give  the  relative  weights  required  to 
produce  the  'same  coagulating  effects.  ‘ 


38  -  Hamilton,  E-  M. ,  Manxial  of  Cyanidation:  New  York,  1920,  p.  76. 
39;'-  Hofman,  H.  0.,  General  Metallurgy:  New  York,  1913,  pp.  506-507. 
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Table  .  .  .  Efficiencies  bf  various  coagulating  substances^ 


■  Substance 


Relative 

Efficiency 


'Substance 


Relative 

Efficiency 


Aluminun  sulnhate 
Alum  (potash) 

Eerric  iron 
AliJin  ('ammonium) 

Alum  (am.  chrom.  iron) 
Lime 

Magnesia 


100  Alum  (pot.  chrom.)  858 

143  Calcium  chloride  1,095 

223  Calcium  carbonate  1,215 

252  Calcium  sulnhate  2,870 

295  Magnesium  sulphate  3,460 

654  Sodium  chloride  45,900 

,748  Sodium  sulphate  61,700 


1  -  Julian-Smart,  pp.  212,  220. 

Fortunately,  sodium  sulphate,  which  is  one”of  the  most  common  by¬ 
products  of  water  treatment,  stands  at  the  end  of  the  list,  showing  that  its 
coagulating  power  is  not  great. 


Richard  Meadei^.  discusses  hydrated  lime  as  ideal  material  for  use  in 


cyanidation: 


There  has  been  introduced  in  the  lime  trade,  within  the  past  few 
years,  dry,  slaked  lime  under  the  trade  name  'hydrated  lime'.  This  is 
simply  calcium  hydrate  Ca(0H)2.  oi*  ia  the  case  of  certain  limes,  a  mix¬ 
ture  of  calcinm  hydrate  and  magnesium  hydrate,  Ca(0H)2  Mg  (0H)2- 
is  lime  slaked  with  ,just  enough  water  to  convert  it  to  hydrate  without 
having  an  excess  of  moisture,  llhen  lime  is  slaked  in  the  usual  manner, 
water  is  added  in  considerable  excess.  This  excess  remains  after  the 
lime  has  slaked  and  forms  it  into  a  paste  or  put  by.  In  the  manufacture 
of  hydrated  lime,  however,  just  sufficient  water  is  added  to  slake  the 
lime,  and  what  small  excess  is  employed  is  evaporated  by  the  heat  gen¬ 
erated  by  the  slaking  process. 

There  are  a  number  of  points  of  superiority  possessed  by  hydrated 
lime  over  quicklime  which  make  it  peculiarly  adapted  to  the  use  of 
cyanide  plants.  It  has  splendid  keeping  q-ualities  and  may  be  kept  for 
several  months  without  appreciable  loss  of  value.  There  is  absolutely 
no  danger  of  fire  from  it,  and  it  may  be  stored  in  wooden  bins  or  even 
paper  or  cloth  bags  without  any  risk.  It  is  extremely  fine;  90*^  of  it 
will  usually  pass  a  200  mesh  screen . Hydrated  lime  is  usu¬ 

ally  purer  than  lump  lime,  because  in  the  process  of  manufacture  impur¬ 
ities  are  screened  out. 

On  the  other  hand,  of  course,  hydrated  lime  contains  water,  and 
hence  a  given  amount  will  not  contain  as  much  calcium  oxide  as  will  the 
same  amount  of  quicklime  . 

Generally  speaking,  hydrated  lime  is  much  purer  than  lump  lime. 

This  is  particularly  true  of  hydrates  made  by  the  air  separator  process. 


40  -  Meade,  Richard  K. ,  Hydrated  Lime  for  Cyaniding:  Eng.  and  Min.  Jour,,  vol. 
98,  Jvly  11,  1914,  pp.  52-53. 
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In  hydrates  made  by  this  method,  the  impurities  are  separated  from 
the  hydrate.  These  impurities  consist  of  ashes,  siliceous  cores, 
unburned  limestone  and  a  small  amount  of  unhydrated  lime,  the  latter 
usually  occurring  from  the  over-burning  and  semifusing  of  lime  .  .  . 


Meade's  article  shov7S  that  hydrated  lime  came  to  the  cyanide  industry 
before  the  yeai-.l?l<:  uni  that  its  properties  were  appreciated.  Lime  from  dolo¬ 
mite  will  next  be  considered. 


Lime  From  Dolomite 

The  Engineering  and  Mining  Journal—  gives  the  following  discussion 
of  various  alkalries  and  the  advantages  and  disadvantages  of  each.  'Ihe  dis¬ 
cussion  was  prepared  before  lime  came  into  use  in  flotation.  It  directs  atten¬ 
tion  to  magnesia  and  shows  that  an  excess  gives  only  a  faint  alkalinity. 

The  problem  of  the  neutralization  of  acid  mine  v/ater  has  received 
only  slight  consideration,  and  a  valuable  agent,  which  promises  to 
prove  much  more  successful  than  lime  (CaO)  or  carbonate  of  soda 
(NagCOT;).  has  been  overlooked.  This  is  magnesia  (MgO).  In  using  mag¬ 
nesite  as  a  water  purifier,  the  following  facts  may  prove  interesting: 

The  combined  weights  of  the  substances  (taking  them  all  as  normal) 
are;  Sulphuric  acid  (H23O4) ,  49;  lime  (CaO),  38;  carbonate  of  soda 
(lIa2C03),  53,  magnesia  (MgO),  20.  This  shows  that  the  theoretical 
amount  of  the  alkalies  required  to  neutralize  49  parts  of  sulphuric 
acid  is:  Lime,  28  parts;  carbonate  of  soda,  53  parts;  magnesia,  20 
parts.  It  will  be  noted  that  in  theory  the  magnesia  is  considerably 
more  efficient,  weight  for  wei^t,  than  either  lime  or  soda.  In  prac¬ 
tice  this  superiority  is  even  more  marked.  Soda  is  suoerior  to  lime, 
owing  to  its  greater  solubility  although  theoretically  lime  is  nearly 
twice  as  efficient  as  the  soda. 

Sulphate  of  soda  or  Glauber’s  salt  has  an  additional  advantage 
over  lime,  owing  to  this  solubility  of  its  product;  it  does  not  pre¬ 
cipitate  and  choke  pipes,  as  the  almost  insoluble  siuLphate  of  lime 
(sypsum)  does.  Tne  advantages  of  magnesia  over  lime  are  the  same  as 
those  of  soda,  the  sulphate  of  magnesia  formed  being  very  soluble. 

It  has  also  an  advantage  over  soda,  magnesia  being  very  insoluble  in 
water,  whereas  carbonate  of  soda  is  readily  soluble,  thus  causing  loss 
in  working.  This  advantage  is  apparent  in  practical  working  when  a 
considerable  excess  of  magnesia  can  be  used  to  insure  the  complete 
neutralization  without  troubling  to  make  careful  tests  of  the  acidity 
of  the  water,  and  this  without  any  appreciable  loss  of  magnesite.  If 
the  neutralization  is  carried  out  by  causing  the  acid  water  to  flow 
through  a  bed  of  calcined  magnesite  in  lumps  of  suitable  size,  the 
work  could  be  entrusted  to  an  unskilled  white  man  or  even  to  a  native, 
without  danger  of  either  incomplete  neutralization  or  loss  of  magnesia. 


41  -  Engineering  and  Mining  Journal,  Neutralizing  Acid  Mine  Waters:  vol.  107, 
Mar.  15,  1919,  p.  478.  (Abstracted  from  So.  African  Min.  Jour,  and  Eng. 
Rec.,  Dec.  14,  1918,  p.  314). 
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it  .being  merely.,  necess,ai*.y  to  replace  tlie  magnesite  as  it  is  dissolved 
away.^  ^  When  an.  e^xcess  of  so4a  ds  used,  dhis  Jeiqe'ss’  i^s' IpS-J-r.  owing  to 
its  being  dissolved  unchanged  .^nd  carr.i.ed  awa^y.**  In  ad,dition  to  this, 
it  will  be  noted  from  the  combining  wei^ts  that  magnesia  is  more 
than  2.5  times  as  .effective  .aS;-,,sodai  ^aud  as  in. practice  75  per  cent 
carbonate  of.so^da-is  found  more,  efficient  'than  Ifipe,' ‘it  follow's  that 
calcined  magnesite,  which,  cah  .h©  easily  ohtained  |of ‘.a  pur ity  of  from 
90  to  95*^,  is  more  than  three  times  as’effective  as  lime.  ‘  . 

■  .  i."  •• 

Calcined  magnesite  has  another  advantage  over  crude  carbonate  of 
soda,  inasmuch  as  it  can  ea^.ily  .be  ..obtaijned.  practically  free  from 
organic  impurities,  whereas'-crude  soda. ’dont'aihs. 'these  to  a  consider¬ 
able  extent,  and  it  is  a-w.ell-l^.novrn  fact  that '‘even 'small  quantities 
of  organic  matter  in  cyanide  solutions  interfere  with  t he  precipita¬ 
tion  of  gold  in  the  extractor  boxes.  Calcined  raiagnesi'te  readily  com¬ 
bines  with  sulphwdc  acid,:  even.  In  hlhpte  , solutipi^  ........ 

Thus  it  is.  seen  that  MgO  shoul.d.not  be  .tappoed  eh^rely  in  pre , dress¬ 
ing;  it  is  the  most  active  neutralizer  of  *  free 'acid. . ” 

The  effects  of  magnesia  in  lime  for  the  cyanidation  process  have  been 
studied  bv  Leaver  and  ass.ociates..^  . The.. results  of  , their  experiments  indicated 
the  following;.  .  ,  ,.  ..  .  f  ■  ,v  V  . 

(a)  In  regular  cyanide  praatie'e  where,  "cyanide  solution  us  to  be  _ 
used  repeatedly  for  extracting  "fresh ‘batches  of  ore,  ..the  MgQ' content  of 
calcined  dolomite  cannot . be  us.e4  .advantageously '  to  neutralise  acidity. 

(1)  Where  an  exce.ss..pf  "cal.cine.d  dolomite  .is  used  to  prevent 
the  building  up .  o.f. magnesium 'Salts*  in  solutid.n;  the  llgQ  .content  takes 
no  part  in  the  reaction.  ...  '  . . ’ 

■  ^f..=  •:  i  !:)■■■■  V' 

•  (2).  If  jus.t  enough  calcin,e4.-,dol,omite  is  use.d  ^to  neutralize 

acidity,  magnesium  'saits  .will.. bull  d,..up..'an4.p.vent.ually  'form'  a  'saturated 
solution  in  which  the  cyanide  loss  woul'd  'be'hi^'  unless  an  unusual 
amount  of  'bleeder' .  solution;.is..rup;.t,Q.,waste.^.  . . .  .  . 

(b)  In  the  cyanide  treatment  of.  certain. .opes  .  calcined 'dolomite 
may^be  substituted  for  lime  with  prof  it.^ 

“r;  -j.'  i.-  . 

(1)  Calcined  dolomite, is  as  effective  as  lime,  in 'preventing 

cyanide  less.  •.•!  . . .  .  .  .. 

f  ■  j  ”  'll'  •'  i: 

(2)  Calcined  dolomite  nearly  parallels  lime  in  its  precipitat¬ 
ing  and  settling  effect  and  causes 'no  difficulty  in  filtration*  of  the 
solution,,  orjin-f the  precipitatio.n,.of.sil.vpr  b^  zinc,.  ... 

(3)  Calcined  dolomite  equals^lime  in' the .^quantity.'pf  precious 

metals  recovered.  . 


42  -  Leaver,  E-  ST','  Davis, ‘C.  W. ,  and  Woolf,  ,  Calcined  Dolomite  as  a  .Sub¬ 

stitute  for  Lime  in  the  Recovery  of  Gold  ahd  Silver- by  the  Cyanide  Process 
Report  of  Investigation  2548,  Bureau  of  Mines,  1924,  p.  7. 
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(c) .  In  treating  certain  pres  by  the'  cyanide;  process;  ■: the  recovery 

of  silver  with  the  use- of  calcined  dolomite,  as ^  an  ' aUcaXine  .agent  is 
not  eqiial  to  that  obtained  with 'the  use  of  .lime,.;':  Ir-  .  v  .';  .  i 

(d)  The’ use  o.f  MgO  content  of  calcined  ;:doloraite  would  .'therefore 
be  confined  to  neutralizing  acidity  and  aiding,  settlement  ■where  the 
ore  is  crushed  in  water  for  amalgamation  prior; to  cyanide,  treatment 
and  in  cyanide  practice  where  the  solution  could  be  discarded  or 
'bled'  sufficiently  to  keep  down  excess  of 'maghesium- salts* 

•.f'  Calcined  dolomite  should  not  be  'purchased  as‘  a  subs  titute  ,  for 
lime  in  the  cyanide  process  without  a  thorough-investigation  as  to  its 
action  on  the  ore  to  be' treated' and  its  effect  .on  all  operations  con¬ 
nected  with. plant  practice;  •:  ;  f  ..;  ,  /■  ;  .  .0  .  • 


Because  of  the  insolubility  of  magnesium  hydrate  and  the  solubility 
of  magnesium  sulphate  the  efficient  xise  of  dolomite  is- restricted.’  Except 
for  special  and  well  understood 'conditions,  lime  is  shfer.  •  i..-.'-'  ' 

LIME  IN. AMALGAMATION'  -r:., 

Another  use  of  lime  which  was  developed  through  the  cyanide  process 
is  the  use  of  lime  in  amalgamation.  Tlfhen  milling  is  done  in  cyanide  solution 
all  of  the  lime  is  usually  added' to  the  ore  before  it  enters  the  grinding 
mill.  The  lime  is -pulverized  and  mixed  with  the  ore  and  th'us  gives  the  pro¬ 
tective  alkalinity  that  is  desired.  .  Milling  in  pure  water  is  seldom  done  ex¬ 
cept  when  amalgamation  precedes  cyanidation.  Even  in  this  case,  lime  is  often 
added  to  the  mill.  When  this  method  was  adopted  mill- men  objected  on  the 
basis  that  it  would  harden.'the  amalgam^'^ '.However,  in  some  cases,  due  to  the 
improved  amalgamation  of  fine  gold  in  the  slime, .a  marked  increase  occurred 
in  the  amount  of  gold  recovered  on  the  plates. 

' '  r  ■  .  . 

A  *7 

Clennell—  says  ' of  wet  stamp  mill 'operation,; under  the, caption  of 
"Application  of -Lime  in  Preparatory  Treatment  of  Slimes.;"  • 

In  modern  practice  a  certain  amount  of  lime  is  usually  added  in 
the  battery,  sufficient  to  dissolve  any  grease  from  the  crushing 
machinery  which  might  fine  its  way  onto  the  plates. '  This  has  the 
further  effect  of  coagulating  the  slime  and  thus  bringing  it  into 
more  intimate  contact  with  the  amalgamated  surface,  'Hence  it  has 
been  observed  that  where  lime  is  used  in  the  battery,  the  extraction 
by  amalgamation  is  hi^er,  and  the  assay  value  of  the  slimy  portion 
of  the  tailing  is  lower  than  when  the  same  ore  is., crushed  without 
•'the  addition  of  lime  ...  i  j  •  V.  >■’'■' 

Since  lubricating  oil  or  grease  is  harmful  in  flotation  as  well  as 
amalgamation,  the  use  of'lime  as  a  "solvent"  for  .grease,'  as  suggested  by 
Clennell,  may  be  borne  in  mind.  Although  lime  is  not  a, true  solvent  for  grease, 
it  causes  grease  to  form  a  less  harmful  emulsion. 

43  -  Clennell,  J.  E. ,  Page  189  of  work  cited..,,  ’  ; 
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LIME  IN  FLOTATION 


Lime  Replaces  Acid  Circuit 

Notable  changes  have  'been  made  in  the' flotation  process  in  the  past 
six  years.  'Kie  changes  that  ha!ve  taken  place  are  discussed  by  IPhoiiias, 
Christmann,  and  GiffordrM.  ■ 

The  outstanding  developments,  prior  to  1923,  of  the  flotation 
process  related  particularly  to  improvement  in  the  mechanics  of 
the  process.  Reagents  and  their  properties  received  minor  atten¬ 
tion.  The  circuits  'employed  were  usually  of  acid  reaction,  and 
flotation  of  the  sulphides  into 'a  bulk  concentrate  was  the';  abject. 

This  period  of  flotation  may  be  'termed  the  perio'd  of  'oil  flota¬ 
tion.  '  ‘ 

The  year  1923  marked  the  beginning  of  a  new  period  in  flota¬ 
tion,  the  period  of  'chemical  flotation.  '  tJell  characterized  com¬ 
pounds  such  as  copper  sulphate,  potassium  xanthate,  thiocarbanal id, 
and  cyanide  were  substituted  for  the  oil  mixtures  of  the  preceding 
period."  A  general  substitution  of  the  alkaline  for  the  acid  cir¬ 
cuit  occurred.  The  outstanding  characteristics  of  these  two  per¬ 
iods  in  the  evolution  of  the  flotation  process  are: 


Prior  to  1923” ’  1  9  '2"  3 


Oil  flotation  Chemical  flotation 

••  f  «  •  .  «  4  * 

Acid  "circuits  Alkaline  circuits 

Bulk  concentration  "  Selective  concentration. 

«•  Taggart—  has  the  following  to  say  about  the  abandonment  of  the  acid 

circuit  and  the  adoption  of  the  alkaline  circuit: 

'Until  within  the  last  few  years  a  majority  of  flotation  opera¬ 
tions  were  performed  in  acid  pulps.  At  present,  however,  nearly  all 
flotation  is  carried  on  in  slightly  alkaline  pulps,  as  these  are 
best  for  the  chemical  collecting  hgents.  The  change  has  effected 
large  operating  economies,  since  acid  pulps,  with  copper  ores  par¬ 
ticularly,  were  destructive  of  all  iron  with  which  they  came  into 
contact. 


Luring  1923  coal  tars  and  creosotes  were  the  heavy  oils  most  used 
in  the  flotation  of  copper  ores,  with  pine  oil  as  the  frothing  agent.  The 
general  practice  was  to  use  sulphuric  acid  and  petroleum  acid  sludge  to  form 
acid  circuits.  The  practice  of  acid  circuits  was,  however,  on  the  decline. 
Thomas  'Varley^  writes  :  • " 


44  -  Thomas,  George  C. ,  Christmann,  L. j. ,  and  Gifford,  R.  S.,  Hydrogen  Ion  Con¬ 

centration  -  Its  Control  in  the  Flotation  Process :  Tech.  Paper  11,  Amer¬ 
ican  Cyanaraid  Co.,  New  York  ,  Jan.,  1928,  p.  1. 

45  -  Taggart,  Arthur  F. ,  Handbook  of  Ore  Dressing:  New  York,  1927,  p.  845. 

46  -  Varley,  Thomas,  Consumption  of  Reagents  Used  in  Flotation,  1923-1924:  Re¬ 

port  of  Investigation  2709,  Bureau  of  Mines,  Oct.,  1925,  p.  6. 
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It  might  he  said  that  during  the  latter  part  of  the  year  1924, 
flotation  practice  v^as  undergoing  a  somewhat  radical  change,  and 
'"many 'plants  operated  experimental  units  losing  alkaline  circuits 
together  with  soluble  frothing  reagents v  such  as  xanthates.  As  a 
result  many  have  altered  their  practices  materially, "  and  at  the 
present  time  great  progress  in  metallurgical  efficiency  is  being 
made^ 

Differe'ntikl  -flotation  practice,  or  the  flo-tation  of  one  miner¬ 
al  from  another  or  others  in  the  presence  of  gangue,  is  rapidly 
being  perfected.  '-  This  is  done  not  alone  by  the  use  of  oils  and 
acids  or  alkaline  reagents  but  by  chemicals  and  modifying  agents 
which  are  positive  in  their  reactions  on  certain  sulphide  minerals 
while  others  are  unaffected.  Advantage  is  taken  of  these  facts, 
and  chemical  combinations  can  be  added  which  retard  pertain  miner¬ 
als  very  materially  in  their  degree  of  floatability.  It  is  desir¬ 
able,  of  courseV'  to  retard  undesirable  minerals  such  as  pyrite, 
and  exclude  them  from  lead  and  zinc  minerals  as  well  as  from  copper 
minerals,  where  the  'dropping'  of  pyrite  can  be  effected  without  a 
sacrifice  of  a  material  amount  of  the  desirable  minerals. 

Varley,  again, for  1925— writes  on  the  increased  use  of  modifying 

reagents : 


In  order  to  counteract  the  objectionable  soluble  materials  present 
either  in  the  ore  or  mill  water,  modifying  reagents  are  used  to  'con¬ 
dition  the  pulp'  and  by  neutralization  prevent  interference  of  such 
soluble  materials.  Reagents  of  this  type  are  soda  ash,  sodium  silicate, 
sodium  sulphite,  crude  so'da,  lime,  and  acids.  In  this  connection  lime 
is  generally  regarded  as  a  'chemical, '  on  account  of  its  action  on  the 
minerals,  and  its  reactions  with  acidic  solutions  or  soluble  salts  in 
ore. 

The  year  1925  saw  the  passing  from  acid  to  alkaline  circuits. 
Chemical  flotation  agents  and  conditioning- agents  have  proved  far  more 
effective  when  used  in  alkaline  pulps.  Limp,  as  compared  with  acid, 
is  much  cheaper,  and  can  be  handled  and  stored  much  more  easily  and 
safely  than  acid.  Lime  can  be  manufactured  in  almost  any  locality, 
and  procured  more  readily  than  acid.  Nearly  all  the  big  operators 
have  their  own  lime  plants  now  and  several  are  manufacturing  their 
own  reagents. 

The  following  table,  comuiled  from  data  given  in  Reports  of  Investi¬ 
gations—  of  the  United  States  Bureau  of  Mines  shows  the  increased  use  of 
lime  in  flotation  and  also  the  general  statistics  of  flotation  operations. 

By  comparing  this  table  with  Table  1,  one  can. see  that  in  1928  flotation  con¬ 
sumed  2.5  per  cent  of  the  total  lime  produced. 


47  -  Varley,  Tho-nas,  Consumption  of  Reagents  Used  in  flotation,  1925;  Report 

of  Investigation  2777,  Bureau  of  Mines,  Oct.,  1926,  p.  2. 

48  -  U.  S.  Bureau  of  Mines  Reports  of  Investigations  as  follows:  No.  2203 

for  1919;  No.  2709  for  1923-24;  No.  2777  for  1925;  No.  2852  for  1926; 
No.  2931  for  1927;  and  No.  3004  for  1928. 
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Table  4.  -  Consumption  of  reagents  used  in  flotation  for  the  years  1°19. 
and  1923  to,  1928,  iricl.  t'v.l':’ 


Year 

Tons  treated 
by  flotation 

Ratio  of 
concentrates 

Potinds 
of  lime 

‘  1 

....  \ 

Pounds'  of 
reagents 

Pounds  of  reagents 
per  ton  of  feed 

1919 

26,545,564 

8.%5 

lj/1,370,266 

113,510.234 

4.23^ 

1923 

37,811,044 

13.04 

2/2,422,491 

161,377.;789 

^  4.2680'- 

1924 

45,105,101 

15.28 

2/2.053,600 

178.699,681 

3.9618; 

1925 

.45,490,331 . 

16.301 

2,165,819 

81,666,967 

1.7952 

1926 

50,889,254 

,  15,177. 

162,240.359 

201 , 711 , 795 

3,963 

1927 

50,073,450 

.  ... 

169.926,145 

220,514,373 

4,404  . 

1928 

59 ,064,385 

208,249,403 

264.033,473 

4.470  ;  .. 

)J  Kind  no-f-  stated.-  ■ '  •  - '  ■'  •' 

^  For  copper  ores-'-only. '  ; 


' An- increase"  in  the' ratio'  of  concentratioli  followed  the 'general  adop¬ 
tion  of  the  alkS-line  •eircuit  •  In  1919  "the' 'average  ’ratio  of  concentration  with 
the  acid  circuits  was' ^8.'55v- 'for  the  following"  yea r-s  the ’-ratio  of  'concentration 
in  alkaline- circuits  was' pra'cti calf y  ddubledi.  A 'slight -decrease  in  later  years, 
from  15.28-  (on  copper  ores'-  largely)  may  be  due  to  the  treatment  of  an  increased 
tonnage  in  lead-zihc-'iron  ores.  -  '  '  -  • 

With  the  almost  universal  adoption  of  the  alkaline  flotation  circuits 
and  in  view  of  the  abundance  and  geo^aphic’  distribution  of  lime&tone  from  which 
lime  is  obtained,  it  is  hot  to  be  wondered  at'  that  lime  finds  such  extensive 
usage. 


Weinig  hnd  palmerl^  add -'f he  following  on  this"  subject : 


Lime  is  the’ 'most  used  alkaline  reagent,  because  of  its  cheapness 
and  availability.  Caustic  soda  and  caustic  potash  could  be  used  to 
replace  lime  in  many  cases,' but  they  are- much  more  expensi-ve  .... 

Concerning  the  wide  usage'  of  litae  'in  flotation,  Thomas—  and  his 
associates  write  ;  r  . 


Since  the  abandormaerit  b»f  the  strongly  acid  solutions  in  the  flo¬ 
tation  of  cOpuor,  the  lime  'circui't- has  been  adopted  almost  univers¬ 
ally.  .  .  .  .  .  .  .  -  -  . 


The  fiill  signifioanco-of- the’ statement*  is' r-ealized  when  it  is  remem¬ 
bered  that'  of  the  50,073,450  torife  of-ura  treated  by  flotation  in  1927, 

40,881,768  tons  of  copper 'oras  ,*  making  onl'y  One  concentrate,  were  treated.  In 
1928  more  than  99  per  cent  of  the  copper  ore  milled  was-  treated  in  alkaline 
circuits  using  lime.^ 

_ ’  -  -  -  •  '•  _ •  -  '  -  j  _ I _ j - 

49  -  Weinig,  Arthur  J. ,  and  Palmer,  Irving  A. ..  The -Trend,  of  Flotation:  Q,uar. 

Colorado  Sch.  of  iAines,  vol.  24,  No.  4,.Gplden«.  C.olprado,  Oct., 1929,  p.22. 

50  -  rnomas,  G.  C. ,  Christroann,  L.  J. ,  and  Gifford,  R.  S. ,  page  4  of  work  cited. 

51  -  Miller,  ^  T.  ,  H.’,  and -Kidd,  R.  L.-,  Flotrtion  Reagents,  1928:_  Report  of  Inves*- 

tigations  3004,  Bureau  of  Mines,  June,  1930,  p.  6. 
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Choice  and  Prenaration  of  Lime  for  the  Circuit 


Since  lime  (CaO)  plays  its  role  in  flotation  in  the  pulp  and  hence 
in  solution  as  Ca(0H)2i  may  he  added  to  the  circuit  in  three  forms.  S.  E. 

Stein  says:^ 

Lime  functions  in  the  flotation  process  am  calcium  hydroxide, 
after  being  dissolved  in  the  mill  circuit  water.  It  is  added  as 
(a)  burnt  lime — calcium  oxide  with  other  substances  residual  after 
burning  of  limestone,  or  (b)  hydrated  lime — dried  calcium  hydrate 
with  other  substances  residual  after  the  slaking  of  burnt  limp,  or 
(c)  milk  of  line — a  suspension  in  water  of  -oarticles  of  hydrated, 
or  freshly  slaked  lime,  making  a  mixture  containing  25  per  cent 
solids  or  less,  "“depending  on  requirements.  The  water  is  of  course 
saturated  with  respect  to  calcium  hydroxide.  Solubility  of  calcium 
oxide  in  distilled  water,  at  15°  C.,  is  0,120  per  100. 

The  effective  portion  of  the  added  lime  is  that  which  goes  into 
solution  in  the  mill  circuit  water  to "react  as  calcium  hydroxide, 
and  its  magnitude  will  therefore  be  governed  primarily  by  the  qual¬ 
ity  of  the  original  limestone  and  the  efficiency  of  the  burning. 

Lime  should,  of  course,  be  purchased  on  the  basis  of  the  available 
calcium  oxide  of  standard  analysis,  as  this  figure  has  a  r jasonably 
dependable  relative  value.;  but  it  is  worth  noting  that  the  figure 
thus  given  will  usually,  be  higher  than  realised  in  practice  on 
account  of  the  fact  that  solvent  solutions  in  a  mill  circuit  are 
not  as  good  as  those  used  by  the  chemist  in  his  methods  for  this 
analysis. 

The  choice  between  burnt  lime,  hydrated  lime,  and  milk  of  lime 
will  be  governed  by  local  factors.  The  problem  to  solve  is  that  of 
getting  the  required  quantity  of  calcium  hydroxide  into  mill  cir- 
_  cuit  solution  in  the  cheapest  way  consistent  with  accura.te  control 
of  the  feed.  Feeding  of  b'ornt  lime  or  hydrated  lime  requires*  a 
greater  refinement  of  mechanical  control  than  that  ordinarily  used 
for  feeding  ores,  if  the  proper  flotation  control  is  to  be  attained. 

A  storage  bin  or  hopuer  delivering  onto  a  feeder  of  the  conveyor 
belt  type,  the  speed  of  which  is  controlled  by  a  rachet  mechanism, 
variable  cone  pulley,  or  variable  speed  motor  has  been  used  success¬ 
fully  where  the  feed  from  bin  to  belt  could  be  maintained  with  re¬ 
spect  to  range  of  sizes.  Milk  of  lime  offers  a  surer  feed  control, 
and  for  that  reason  has  been  adopted  at  plants  where  the  highest 
order  of  metallurgical  results  are  demanded.  For  feeding  milk  of 
lime  a  storage  tank  equipped  with  means  for  maintaining  the  calcium 
hydrate  particles  in  suspension  is  required,  as  well  as  variable- 
control  fluid  feeder. 

The  adverse  factor  in  burnt  lime  is  the  fire  hazard  wherever 
water  shipment  or  long  time  storage  is  required,  or  air  slaking  in 
the  latter  case . In  most  cases  the  payment  of  higher 

52  -  Stein,  S.  E. ,  Lime  in  Flotation;  Eng.  and  Min.  Jour,,  vol.  125,  Mar.  24, 
1928,  p.  487. 
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prices  for  hydrated  lime  will  he  foinid  'arwarrantad,  as  a  fairly  good 
grade  of  hurnt  lime  is  iisually  avarlahle  at  the  same  source,  from 
,  which  a  -onit  quantity  of  -calc iqpi.  hydroxide  can  he  furnished  to  the 
mill  circuit,  more,  che’aply  than  can  he  so  fui-nished  hy  the  hydrated 
lim.e'.  ' 

Rdhie^  writes  of  one  company’s  method' of  handling  lime: 

Lime  , now  . being  used  es:tensive,ly.  in  the  mill  .(about  seven  tons 
..  a  day) ,  .apparatus^for  its.' local  manufactiuo  was  installed  some  years 
ago.  A  kiln  was’ .constructed  out.'of  ."'the ‘  old  steel  stack  at  the  Shannon 
smelter,  in  Clifton^  A 'good  grade  of  limestone  is  available  near  hy, 
and  the  entire  operation'o^  quarrying  the  stone  and  making  tlie  lime 
costs  only  about  $6  per  ton.  /  Adout 'a' quarter  of  a  ton  of  fuel  is  re¬ 
quired  per  ton  of  product.  This  contains  about  90‘'per  cent  of  total 
calcium  oxide,  and , about  $5  per  cent. of  available.  The  b-urnt  lime  is 
crushed  to  3/4-inch,  stored  in  a  steel  bin  which" is  drawn  as  required, 
and  ground  in  the  first  Ma.rathon  mill  that  ever  made,  secui'ed  from 
the  old  p'iantj  of.  the  Detroit  Copper  Mining  Company  in  the  vicini!:y. 

Balls  have  been  .s.ubs.tituted.  for ''the  rods  originally  used  in  this  mill. 

The  griud3ng,..i.3  carried  d.ut 'in  aiclosed'm.ilk-of-limercircult,  the 
.requisite' supply  .for.,  the  concentrator"being  drawn  off  from  the  tank 
containing  the  circulating' solution  and  introduced  into  the  pulp  at 
the., following  no ints.:  . -Tlie ..primary  screen  undersize,  the  grinding 
.  .  mill  feed,  ahd  in. 'the 'concentrate  ^d  tailing  launder.  Arrangements 

were  t?eing  mde.  at.,. the.  time  of.my:yisit.to  treat  fresh  wa.ter  with 
lime  directly  as '  it-comes  from 'the  kiln,  .eliminating  the  storage  of 
^slaked  lime.' ' 

Porter— gives  the  advantages  of.  the. use  of  hydrated  lime  as  follows: 

The  chief  advantages  to  the  consumer  of  hydrated  lime  are  as  follows: 
It  can  be  handled  more  easily, on  account  of  its. being  in  powder  form; 
it  will  keep  better  than  the  lump  lime  for  the  reasons  just  noted;  it 
.. .  .  does  not .  require .  slaking,  but  must  merely  be  soaked  in  water  to  prepare 
it  for  use.  .This  saves  time  apd  lab'or' and  eliminates  any  danger  of 
...  loss  of  lime  due  to  unskilled  slaking.'  Any  unburned  lime  or .  bverburned 
lime  which  has  passed  the  sorter  will  not  hydrate  and  can  be  .  .screened 
.  out  of  t'ne  finished  product.  Hence  hydrated  lime  should  contain  less  re- 
.  :.fuse  than, the  lump- lime.  .  On  the  other  hand,  hydrated' lime  contains  15 
to  25,  per  cent  of  water,  on  which  the  consumer  may  pay  frei^t. 

.  *  •  .  ..  . 

Henderson^  condemns  dolomite  and  gives  the  following  discussion  on 

the  use  of  lime  to  alkalize  mill  circuits: 

.  The  question  often  arises  as  to  whether  calcined 

dolomite  may  not  be  substituted  for  strictly  calcium  lime  for  flota- 
•  •  tion  p^urposes:  There  is  but  one  answer,  and  that  is  the  negative. 

53  -  Eobie,  E.  H. , . The  Morenci  Concentrator  of  the  Phelps  Dodge  Corporation: 

Eng.  and  Min.  Jour.,  vol.  126,  Aug.  25,  1928,  p.  293. 

54, -  Porter,  J.  M. ,  Page  13  of  work  cited. 

55'-  Henderson.,  Clark  T. ,  The  proper  Use  of  Lime  to  Alkalize  Mill  Circuits:  Eng. 
and  Min.  Jour.,  vol.  120,  Dec.  36,  1925,  p.  1016. 
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The  reason  for  this  is  that  the  lime,  to  be  effective,  must  go 
into  solution  in  the  pulp,  and  magnesium  hydroxide  is  scarcely  solu¬ 
ble  in  irater,  so  that  if  dolomitic  lime  is  used,  only  the  calcium 
hydroxide  contained  is  useful  for  flotation  purposes  and  much  larger 
quantities  must  be  employed. 

Though  lime  is  one  of  the  commonest  chemicals  and  seemingly  one 
of  the  simplest,  it  has  peculiar  characteristics  worthy  of  serious 
consideration  in  using  it  in  flotation.  As  already  stated,  the  cal¬ 
cium  hydroxide  must  go  into  solution  to  be  effective.  A  part  of  the 
lime  which  goes  into  solution  is  consumed  in  neutralizing  the  tempo¬ 
rary  hardness  of  the  water  used  in  making  the  pulp;  more  of  the  lime 
is  cons-umed  in  neutralizing  such  acidity  as  there  may  be  in  the  ore, 
and  the  balance  creates  the  necessary  alkaline  condition  in  the  cir- 
cui  t .  ;  • 

It  is  common  practice  in  some  plants  to  feed  lime  into  the  flo- 
'  tation  circuit  as  dry  quicklime,  or  calcium  oxide.  If  fed  thus,  the 
conditions  mder  which  the  quicklime  will  slake  are  quite  uncertain, 
and  the  conditions  ■under  which  the  lime  is  slaked  have  a  distinct 
bearing  on  its  effectiveness  in  the  flotation  circuit.  Other  plants 
use  hydrated  lime,  which  is  q-uicklime  slaked  with  the  theoretical 
amount  of  water  required  for  hydration.  This  hydrated  lime  is  either 
fed  dry  into  the  flotation  circuit  or  is  mixed  with  water  to  form 
milk  of  lime,  which  is  then  fed  into  the  circuit.  Still  other  plants 
make  a  practice  of  slaking  quicklime  with  uncertain  quantities  of 
water,  when  making  up  a  milk  of  lime  of  •uniform  strength  for  feeding 
into  the  flotation  circuit, 

A  comprehensive  series  of  experiments  that  were  conducted  in  our 
company's  laboratory  gave  the  following  results: 

Where  a  certain  amount  of  quicklime  was  slaked  with  the  theoreti¬ 
cal  amount  of  water  required  for  hydration;  this  hydrated  lime  then 
diluted  with  additional  water  to  a  standard  volume;  and  this  standard 
volume  of  milk  of  lime  placed  in  a  grad'oated  cylinder,  thorou^ly 
agitated,  and  allowed  to  settle,  the  time  required  for  the  'undissolved 
material  to  settle  to  50  per  cent  of  the  total  volume  of  the  original 
milk  of  lime  was  10  minutes.  A  corresponding  sample  of  quicklime  was 
next  taken  and  slaked  with  10  times  the  theoretical  amount  of  water  re¬ 
quired  for  hydration.  This  was  then  diluted  to  standard  volume,  placed 
in  a  graduated  cylinder,  thoroughly  agitated,  and  allowed  to  settle. 

The  time  required  for  the  solids  to  settle  to  50  per  cent  of  the  origi- 
,nal  volume  was  in  this  case  440.  minutes,. 

It  was  obvious  from  the  foregoing  and  other  experiments  that  lime 
slaked  with  not  less  than  10  times  the  theoretical  amoiint  of  water  is 
much  slower  settling  and  consequently  much  easier  to  hold  in  suspension 
in  the  feed  tanks,  and  has  less  tendency  to  settle  out  in  the  flotation 
circuit,  than  milk  of  lime  made  of  hydrated  lime,  or  quicklime  slaked 
with  small  quantities  of  water. 
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Having  thus  proved  that  an  excess  of  water  gives  a  milk  of  lime 
having  a  lower  settling  rate,  experiments  were  next  undertaken  to  de¬ 
termine  the  relative  chemical  activity  of  these  two  types  of  milk  of 
lime.  Each  samole  of  milk  of  lime  was  thorou,^il.v  mixed  with  the  theo-“ 
retical-  quantity  of  sodium  carbonate  that  would  react  therewith  to  form 
calcium  carbonate  and  sodium  hydroxide.  The  relative  time'  required  for 
causticizing  was  taken  as  an  index  of  the  relative  chemical-  activity 
of  the  two  types  of  milk. of  lime.  The  milk  of  lime  which  settled  in 
10  minutes  was  found  to  require  330  minutes  to  effect  complete  caustic- 
.izing  of  soda  ash  mixed  therewith,  whereas  the  milk  of  lime  requiring 
440  minutes  to  set,tle  was  found  to  react  completely  with  soda  ash  in 
5  minutes. 

The  foregoing  experiments  seem  to  prove  beyond  question  that  the 
proper  type  of  milk  of  Ijme  to  use  in  flotation  work  is  one  made  by 
slaking  high  calcium  quicklime  with  not  less  than  10  times  the  theo¬ 
retical  amount  of  water  required  for  hydration,  because  a  milk  of  lime 
so  made  is  not, only  slow  settling  but  much  more  active  in  a  chemical 
sense.  Tlie  same  conclusions  would  seem  to  apply’  to  the  use  of  lime 
to  secure  protective  alkalinity  in  cyanidation. 

Here,  as  in  the  section' on  "Hydration,"  the  use  of  an  excess  of  water 

in  the  preparation  of  the  hydrate  is  recommended;  and  the  evidence  indicates 

that  the  hydrate  made  in  this  manner  is  much  more  finely  divided.  It  is  not, 
however,  always  practical  for  the  operator  to  slake  his  own  lime*  in  which 
case  a  good  grade  of  hydrate  may  be  used  very  effectively. 

place  of  Adding  Lime 

Lime  may  be  added  to  a  mill  circuit  in  any  of  a  number  of  places, 

or  even  in  several  ulaces  in  the  same  circhit.  Ralston  and  Yundt^  point  out 

the  necessity  of  adding  lime  to  the  pulp  far  ahead  of  the  flotation  machines: 

. It  is  probable  that  in  the  cases  noted  where 

lime  improves  flotation  it  functions  in  precipitating  other  less  de¬ 
sirable  soluble . impurities,  such  as  iron  sulphates.  At  the  Miami 
mill  it  was  foupd  that  when  lime  was  added  to  the  uulp  before  enter- 
.ing  the  ball  mills  an  increased  recovery  was  obtained,  whereas  the 
addition  of  lime  at  the  head  of  the  flotation  cells  resulted  dis¬ 
astrously.  Supposedly  the  lime  had  to  be  allowed  time  enou^  to  re¬ 
act  with  all  the  soluble  or  semi-soluble  impurities  in  the  pulp  be¬ 
fore  going  to  the  flotation  machine,  so  that  there  would  be  no  raw 
caustic  lime  to  cause  trouble. 

c  w  ' 

Robie^i.  states  that  at  Morenci  ground  milk  of  lime  is  added  to  the 
primary  screen  undersize,  the  grinding  mill  feed,  in  the  concentrates  and 
tailings  launder,  and  to  the  fresh  water  as  it  comes  from  the  mine. 

56  -  Ralston,  0.  C. ,  and  Yundt,  L..  D. ,  Chemicals  Used  in  Flotation;  ^in.  Sci. 

Press,  vol.  115,  Oct.  13,  1917,  p.  547. 

,57  ->  Robie,  E.  H. ,  Page  293  of  work  cited. 
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Tye—  reports  adding  milk  of  lime  and  a  small  stream  of  tailings  to 
the  mill  water  supply,  so  that  the  impurities  are  precipitated  as  gelatinous 
sal'ts  which  are  hurled  hy  the- slime  and  sand  of  the  tailings.  To  overcome  the 
effect  of  soluble  salts  in  the  ore.  and  obtain  the  desired  alkalinity  for  flo¬ 
tation,-  more  lime  is  added  at  the  rod  mill.  ■  •  : 

■***'*'■  •  ‘  ^ 

MacDonald-^  cites  an  instance  where  ''dry  lime  is  fed  mechanically 
ohto^the  ore 'conveyors  ...  to  the  primary  mills.'"  ’  •  ‘  • 

McDermid—  in  a  recent  article' discusses  the  new  practice' at  '  the 
Miami  Copper  concentrator  where  they  ’ 

emulsify  the  lime  first  and  then  pump  it  to  the  mill 
pond;’  where,  the  insoluble  material  would  harve  a  chance  to  settle 
'  out.  k  ■  /  ■  ,  •  ■  -  ■ 

Regarding  the  removal  of  'the  precipitated' impurities,  he  writes: 

j,  i  i  ■  ■ 

.  After  some  experimenting  a  dragline  'scraper  was  built 

which  successfully  removes  the  sludge  from  the  bottbm  of  the  pond. 

Commenting ■ on  the  practice  in  the  Tri-State  District,  Anderson  writes : 

In  the  Tri-State  District  lime  (hydrated) -ds  added  for  its  bene¬ 
ficial  effect  on  flotation  results  at  anyone  of  a' number  of  places  in 
the  mill.  Often  it  is  added  to  the  ball  mill  feed,  sometimes  to  the 
waters  going  to  the  Dorr  thickener,  sometimes  to  the  pulp  passing  to 
the  head  flotation  circuit;  occasionally  it  is  added  to  the  settling 
pond  or  to  the  mill  pump,  well,  or^  lake.  The  general  practice  seems 
to  be  to  add  it  at  some  place  in  the  mill  where'  it'  Will  have  time  to 
act  and  exert  its  effect  before  the  pulp  reaches  -the  flotation  ma-.  , 
chines.  Several  methods  of  adding  lime  are  in  us'e ; -adding  by  hand 
is  practiced  often,  and  adding  by  means  of  several  homemade  devices 
is  quite  prevalent.  Most  of  these  feeders  are  some  form  of  hopper¬ 
like  boxes  in  the  bottom  of  which  is  a ‘worm  screw  or  some  simple  agi¬ 
tating  device  for  causing  the  lime  to  flow.  Recently. one  mill  in¬ 
stalled  a  continuous  belt  feeder  which  has 'proved  very  satisfactory. 

Very  often  lime  is  not  required  continuously,  hence  it  is  added  one 
week  and  not  the  next.  Lime  is  added  usually'  as  the  hydrate. 

Lime  is  not  used  much  in  the  lead’ belt  of  southeast  Missouri.  If 
thickening  capacity  is  limited,  a  little  lime  is-  used  to  aid  settling,  but 
caution  is  required  lest  the  lime  retard  the  flotation  of  lead..  In  the  dif¬ 
ferential  lead-zinc  plants  of  the  district,  hydrated  lime  is  used  at  the  head 
of  the  zinc  circuit  to  depress  the  iron.  The  price  paid  for  hydrated  lime  is 
$9.40  per  ton. 


58  -  Tye,  A.  T. ,  Differential  Flotation  of  Cooper  at  Cananea:  Eng.  and  Min. 

Jour.,  vol.  121,  Apr.  10,  1926;  pp.  597-602.  ■ 

59  -  MacDonald,  Wm.  T- ,  Selective  Flotation' at  Nheozari:  Eng.  and  Min.  Jour.,  ^ 

vol.  118,  Sept.  20,  1924,  pp.  445-454. 

60  -  McDermid,  A.  J. ,  Liming  Mill  ¥ater:  Eng.  and  Min,  Jour.,  vol.  130,  Oct. 

9,  1930,  u.  341. 
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Li^e  as  a  Purifier 

The  waters  encountered  in  milling  and  flotation  operations  are  often 
highly  contaminated  with  soluble  metallic  salts  and  must  receive  special  treat¬ 
ment  to  make  them  fit  for  flotation.  An  unusually  complex  water  problem  was 
encountered  at  Cananea  (Mexico),  The  difficuDties  encountered. -and  the  method 
of  overcoming  them  are  given  in  the  article  ,by  Ty,e.§L  • 

Differential  flotation  of  a  copper  ore  containing  large  amounts 
of  pyrit’e  offers  no  unusual  difficulties  when  the  ore  is- unoxidized 
and  when  fresh  water  is  available.  At  Cananea,  however,  several  ele¬ 
ments  unit  to  interfere  with  the  process,  and  therefore  the  following 
account  will  deal  principally  with  these  unusual  features  and  give  in 
detail  the  methods  used  in  overcoming  them  .  .  .  .•  .1,.  , 

The  following  analyses  show  the  effect  of  .lime  on  the  treatment 
of  dam  water,  a  sample  of  which  was  made  alkaline  by  the  addition  of 
lime,  using  phenophthalein  as  indicator: 

Dam  Water  Analyses  in  Parts  Per  Million 

Alkalinity 


Ferrous 

Ferric ■ 

CaO 

S03 

Cu 

(CaO) 

Dam  water  400 

200 

470, 

.2,270 

-28 

(Nfeutral  to 
(phenol- 

Same,  treated 

(phthal- 

and  filtered  .  Tr. 

Tr. 

1,420 

2,106 

17  . 

,(ein  ,  .  . 

The  precipitate  gave  the  following  analysis  in  per  cent:  Pe,  20; 

S,  5.8;;Mn,  11.0;  Cu,  16.5;  CaO,  3.4;  Sip2,  3.2;  and  AI2O3,  3.0. 

•  .  ' 

One  can  appreciate  better  the  real  nature, of  this  water  after 
having  seen  it  made  alkaline  with  lime.  '  At  first  a  li^t  yellowish 
flocculent  precipitate  develops  as  a  small  amount  of  lime  is  stirred 
in.  Then,  as.  the  final  amount  of  the  required  lime  is  added,  the 
whole  mass  of  water  takes  on  a  deep  bluish-black  color  and  the  con¬ 
sistency  of  the  water  approaches  that  of . thin  soup.  The  manganese 
salt  is  the  last  to  settle  out,  as  a  pink  precipitate.  Finally  the 
floccules  settle,  leaving  a  clear  liquid  of  the  analysis  shown  above 


By  the  last  of  April  everything  was  ready  to  try  the  process  in 
the  concentrator.  For  the  first  month  and  a  half  the  results  were 
quite  poor,  owing  to  the  impure  water.  The  tailing  dam  from  which 
the  water  was  drawn  was  filled  with  the  impure  water  and  the  supply 
was  augmented  by  the  mine  water,  which  was  equally  bad.  The  water 
was  neutralized  with  lime  before  being  •used,  but  it  still  contained 
the  precipitated  iron  salts,  and  no  acceptable  results  could  be  ob¬ 
tained.  This  trouble  was  partly  overcome  by  utilizing  all  the  extra 
Dorr  tanks,  of  which  there  were  several,  to  settle  out  these  precipi¬ 
tated  salts. 

61  -  Tye,  A.  T.,  Work  cited. 
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The  water  for  the  dam  was  lime-treated,  mixed  with  tailing, 
sent  to  the  tanks,  and  the  clear  overflow  of  the  latter  repumped 
for  mill  water.  This' cut  the  concentrator  tonnage  in  half,  as  suf¬ 
ficient  water  could,  not  he  supplied.  Therefore,  means  were  pro- 
i  vided  to  add. excess  lime  to  the  tailing  going  to  the  dam  to  purify 
all  the  waiter  in  storage,  as  it  was  realized  that  in  this  way  only 
i.could  the  process  he  applied  successfully.  This  constmed  consider¬ 
able  time,  and  it  was  June  16  before  all  the  storage  water  was  pur¬ 
ified.  Since,  then  it  has  been  necessary  to  use  sufficient  lime  to 
secur'e^tlie  desired  alkalinity  for  flotation  and  also  to  p-urify  the 
makeup  water,  which  comes  from  the  mines.  This  latter  is  treated 
before  it  enters  the  tailing  pond. 

'■  In  the  meantime,  the  worst  mine  water  was  being  segregated 
and  discharged  outside  the  drainage  area.  The  change 'made  in  the 
composition  of  the  great  bulk  of  water  in  the  tailing  pond  is  shown 
in  the  following  analyses; 


Date 

Feb.  12, 
J\me  16, 


Dam  Water,  Parts  per  Million 
Ferrous  Ferric  Mn  CaO  Cu  SO^  .Alkalinity  Acidity 


1924 

600 

120 

50 

420 

42 

2,559 

Nil 

1924 

Nil 

Nil 

Nil 

1.260 

Nil 

1,749 

50  M.  0 
39  '^.P. 

.  When  passing  the  concentrator,  however,  milk  of 

lime  is  run  into  the  arroyo  water  until  it  shows  distinct  alkalinity. 
Crushed  lime  is  fed  into  a  small  ball  mill,  and  a  minimum  amount  of 
'^ter  added  while  grinding  so  that  considerable  heat  is  generated  in  . 
the  mill,  the  lime  does  not  get  'drowned,  '  and  the  majority  goes  intp.- 
solution.  This  is  run  into  the  middle  of  the  stream  of  water  to  be  '  ■ 
treated,  and  at  the  same  time  a  small  stream  of  tailing  is  also  dis¬ 
charged  with  the  lime,  so  that  the  gelatinous  salts  are  precipitated 
and  the  slime  and  sand  of  the  tailings  bury  them.  At  a  point  below 
where  the  lime  is  added  to  the  arroyo  water,  a  sample  is  taken  every 
hour  and  titrated  to  be  certain  that  sufficient  lime  lias  been  added. 


To  overcome  the  effect  of  soluble  salts  in  the  ore  (and  to  se¬ 
cure  the  desired  alkalinity  for  flotation),  lime  is  added  to  the  rod 
mills,  the  discharge  from  these  being  tested  every  hour.  Flotation 

feed  is  titrated  for  alkalinity  hourly . The  lime  used  is 

burned  locally  by  the  company  and  costs  .$6.50  per  ton . 

Best  results  are  with  an  alkalinity  in  the  flotation  feed  equal 
to  about  0.55  lb.  of  CaO  per  ton  of  water  . 

Flotation  reagents  ^osed  are  potassium  xanthate,  steam-distilled 
pine  oil,  and  lime,  the  average  pounds  per  ton  being  0.09  xanthate. 


62  -  Gaudin,  A.  M. .  Control  of  Flotation;  Eng.  and  Min.  Jour.,  vol.  125,  Mar. 
10,  1928,  p.  418. 
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0.23  pine  oil,  and  9  to  11  lime.  The  lime  includes  that  used  irt' 
treating  the  mine  vrater  and,yarie.s  cpnsiderahly  from  month  to 
mbuth^'  depen'diii^’  o’li  the  purity  of  'the'  water  and  character  of  the 
ore.  In  extreme  cases  it' has  ‘average(i*'l2".  -foF  a  month  .  .  •. 


0.- 


Mill  waterh  v’dry 


widely  in  composition  from  tlm'e  to-  time,  ■  and'  are 
one  of  ' the' 'most  pertinent  factors  affecting  the' continuity  b'f  flotation' re¬ 
sults.  Concerning  this  subject,  Gaudin^- writes : 

yviu  ■  .  •  •  ;.';c  -r  v. : 

.  .  ‘ i "  Variations  in  mill  wateir  are  due  to  somewhat '"differ¬ 
ent  causes,  according  as  the  mill  is  us iiig’ fresh  water-'^  or 're turned- 
circuit  water.  Where  fresh  water  is  used,  the  change  in  mineral 
■' and 'organic  content*  is  one  of  the  hig  -upcetting  factb'rch-particu- 
larly  true  in  places  where  climatic  conditions  affect' the  amount  of 
water  available,  where  periods  of  oxidation  of  the  ground  alternate 
with  periods,  of  heavy  precipitation. '''■lHhen  mine  water  is-  use’d,'  vari¬ 
ations  are  also  likely  to  occur  as  ’new  sections  of  the  mine  are  '  *’ 
opened  up";'  '•  '•  '  -  ■  ‘  ■ 

*4  •#%**•* 

If  the  wa.ter  is  returned  to  the  mill  after  use — where  circuit 
water  is  the”  dominant' ingredients^ — the  water  -is  ‘usually  more  regu¬ 
lar  in  its  mineral  content  than  if  fresh  water  only  is  used.  On 
the  other  hand  excess' reag'ents  can  build  up-  rapidly  -under  such  con¬ 
ditions,'  so  that  accurate  control  of  the  amount  of  heagen't' is  still- 


more  essential 


McKay§^  s-uin's  up  the  soluble  metallic  salts  generally  present  and 
their  removal  from  contaminated' water  in  the  following  mahfier  r' 


’'lire' most  common  soluble'  metal  'salts -are'  generally  the  salts  of 
the  minerals,  including  sulphates  of  zinc,  copper,  'and  iron';’  and- 
s'alt's  derived  from  the  gangue,  such  as  shlphates  of  calciim, 
al\xnin-um,  and  magnesi-um.  ho-!7ever,  in  flotation  circuits,  many 
salts  often  thought  of  as  insbluble  enter'  solution  in  extreme  dilu¬ 
tion.  The  importance  -of  'even  the  Wealcest  solution  of  such  salts 
will  be  appreciated  by  remembering  that  many  of  our  reagents — notably 
the  promoters- — are  extremely  effective  even  when  present  to  the 
thpusandth  of  a  wound  per  ton  of  ore,  which  is  equal  to  one  part  in 
ten  million,  or  lO""^  (at  20  per  cent  solids).  At  this  dilut-ion  many 
of  the  sc- cklled 'insoluble  salts  arre'  in  solution  in  sufficient  con¬ 
centration  to  influence  flotation -conditions,  so- 'that  a  list  of  the 
soluble  salts  and  also  the  reagents  used  to  combat  them'  w'ould  appear 
like  'an  abbreviated  chemical  dictionary.  "The  common  polar  reagents 
foV  destroying  the  toxic  constituents  of  the  ore  are  lime,'  soda 
ash,  and  sopi-um  sulphite,  sulphide,  and  silicate. 

'Tie  simplest  case  of  the  removal'-  of  soluble  salts  from  sol  lit  ion  by 
the  use  of  lime  is  in  the  pxirif ication  of  water  for  industrial  purposes. 

(See  section  "Lime  in  Wa.ter  Treatment.")  ’  .  ■  - 

'  f  ^  '  .  * •  .  '*  ••.  •*.  .1  ... 


63  -  McKay,  Nevin  Kail,  Soluble  Salt's  as  Flotation  Raagan-ts  :.  Eng- :and  Min. 
Jour.,  vol.-.  12-8,  Bed.  14,  1929,' pp.  .920r-921.  '  ;  . 
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I(ni'b'bs§4  writes  of  the  softening  of  water  for  domestic  purposes 
and  shows  that  lime  precipitates  organic  matter: 

Hater  for  domestic  purposes  may  also  he  subjected’  to  a  soften¬ 
ing  process,  hut  it  is  still  more  important  to  free  it  from  organic 
matter  and  from  harnaful  organismsl  Precipitation  of  the  hydroxide 
of  iron  and  aluminum  ‘tends  to"  carry  down  the  organic  matter,  and 
lime  is  used  in  this  connection  to  neutralize  acidity  and  effect  ' 
precipitation.  Lime  itself  may  he  sufficient  to  precipitate  the 
hulk  of  the  organic  matter.  '  "■  ...  - 

Hahn— adds  the  following  about  ferrous,  ferric,  and  aluminum  sul¬ 
phates  and  their  hearing  upon  copuer  recoveries,  and  their  removal: 

The  influence  of  the  salts  of  iron  and  aluminum, 
and  methods  for  eliminating  these  effects  in  the  flotation  of  copper 
ore  have  been  the  subject  of  an  investigation  to  he  summarized  here 


The  following  deductions  are  drawn  from  the  results  obtained: 

1. ’  Ferrous,  ferric,  and  aluminum  sulphates  seriously  affect 
copper  recoveries,  even  when  present  in  relatively  small  amounts. 

2.  Burnt  lime  eliminates,  to  a  large  extent',  the  deleterious 
effects  of  ferric  and  aluminum  sulphates,  hut  offsets  to  only  a 
small  extent  the  effect  of  ferrous  sulphate. 

3.  By  adding  an  oxidizing  agent,  such  as  oxygen,  chlorine, 

or  chloride  of  lime,  to  the  ore  pulp  in  the  presence  of  burnt  lime, 
the  effect  of  ferrous  sulphate  can  he  almost  completely  eliminated. 

Ralston  and  Yundt—  say  the  following  about  the  use  of  calcium  sul¬ 
phate  or  the  effect  of  it  in  the  flbtation  circuit: 

f 

Calcium  sulphate  is  a  compound  which  has  been  added  to  ores 
containing  colloidal  gangue,  althou^  its  success  has  been  somewhat 
erratic.  It  was  once  used  in  one  of  the  Broken  Hill  mills  and  its 
effect  was  that  of  an  electrolyte.  It  is  sparingly  soluble,  so 
that  there  can  never  be  a  high  concentration  of  its  ions  in  solu¬ 
tion  and  it  is  hence  more  or  less  equivalent  to  the  tartrates  in 
providing  ions  rather  slowly,  so  that,  supposedly,  the  flocculation 
of  gangue-slime  will  not  entrain  particles  of  the  desired  minerals 

Instead  of  emphasizing  the  use  of  lime,  McKay—  c^ls  attention  to 
ferrous  sulphate  as  a  flotation  reagent: 


64  -  Knibbs,  N.  V.  S.,  Page  272  of  work  cited.' 

65  -  Hahn,  A.  W. ,  Obviating  the  Harmful  Effects  of  Soluble  Salts  in  Flotation: 

Eng.  and  Min.  Jour.,  vol.  123,  Mar.  12,  1927,  p.  449. 

66  -  Ralston,  0.  C.,  and  Yundt,  L.  D.,  Page  549  of  work  cited. 

67  -  McKay,  N-  H.,  Page  921  of  work  cited. 
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Again,  ritLout  intending  to  "be  'bound  by  any  one  theory,  I  be¬ 
lieve  that  in  copper-iron  separation,  ferrous  sulphate,  generally 
native  in  the  ore,  plays  a  part  analagous  or  parallel  td  the  action 
of  zinc  sulphate  in  lead-zinc  flotation.  As  to  the  end  reaction 
of  excess  ferrous  sulphate  rith ’xanthate,  mill  e.'roeriment  has  not 
yet  given- data  to  shovr  whether  iron  xan'fchate  could  be  used  in 
copper-iron  flotation  as  zinc  xan'thate  has  been  used  in  lead-zinc 
separations.  Apparently  sulphated  pyrifce,  which  occurs  in  nearly 
all  copper-iron  or  lead-zinc- iron  flotation,  does  play  a  part  in 
the  formation  of  ferrous  or  ferric  sulp'rn. tes,  or  cyanides  of 
ferrous  or  ferric  iron,  which  act  in  iron  depression.  The  prac¬ 
tice  here;  therefore,  has  naturally  developed  of  using  commercial 
copperas  or  iron  sulphate  with  the  sodium  sulphite  or  cyanide  as 
a  -pyrite  depressant,  with  results  that  have  been  hi^ly  gratify-  '  :  •  ■ 

yielding  again  a  higher-grade  concentrate,  hi^er  recovery, 
and  smoother  metallurgical  performance. 

Another  use  of  lime  in  flotation  which  is  closely  related  to  pre¬ 
cipitating  soluble  salts  is  its  use  in  producing  coagulation  and  settling  of 
colloidal  particles  of  slime  and  the  "sweeping  down"  of  suspensions  of 
organic  colloids.  This  action  is  a  physico-chemical  one.  Riclsard  and  Ral¬ 
ston—  discuss  the  subject  as  follows; 

A  word  must  be  devoted  to  the  use  of  lime  as  a  flocculating 

agent . At  first  sight  it  woTold  appear  improbable  that 

lime  could  have  ai  p-orely  physical  flocculating  action,  lime  being 
an  alkali  and  the  characteristic  effect  of  small  concentrations 
of  alkali  appearing  to  be  a  deflocculation  rather  than  the  reverse. 

There  is,  nevertheless,  a  certain  flocculating  action  exhibited  by 
lime,  even  under  laboratory  conditions,  and  it  appears  that  the  hy¬ 
droxides  of  calcium,  and  probably  magnesium  do  not  beha.ve  exactly 
like  potassi-um  and  sodium  hydroxides.  It  appears  probable,  also, 
that  certrizi  purely  chemical  factors  enter  as  well  and  that  the 
efficacy  of  limo  as  a  clarifier  is  due  in  part  to  chemical  reactions 
of  the  same  sort  as  those  that  control,  for  instance,  the  action  of 
aluminum  salts  in  clarifying  water.  These  clarifjung  actions  appar¬ 
ently  depend  upon  the  formation  by  chemical  reaction  of  some  floccu- 
lent  precipitate  that  entangles  and  sweep's  down  suspended  particles. 
Probably  the  occasional  cases  of  clarification  by  organic  colloids 
belong  to  fJae  same  class. 

'  .  ■  '  i  ' 

AQ 

Ralston  and  Yundt—  add:  •  ■  •  . 

Lime  is  not  such  a  desirable  addition-agent  as  the  alkaline 
sodium  compounds;  and  while  it  may  cause  desirable  effects  when 
added  in  small  amounts,  an  excess  is  often  harmful.  Lime  and  most 
other  calcium  compounds  are  ususdly  flocculators  of  gangue-slime, 
rather  than  deflocculators  as  the  alkaline  sodium  compoixnds  are. 

This  may  explain  the  difference  between  the  two,  althou^  it  has 

68  -  Rickard,  T.  A.,  and  Ralston,  0.  C. ,  Flotation:  San  Francisco,  1911,  p.  320. 
69-  -  Ralston,  0.  C. ,  and  Y^ondt,  L.  D. ,  Page  547  of  work  cited. 
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been  hinted  often  that  we  know  too  little  about  the  .degree  of  floccu¬ 
lation  of  the  oro-oulp  during  flotation  ... 

• '  ■  ■  70 

Tlie  settling  effect  of  lime  is  mentioned  by  Weinig  and  Palmer:  — 

There  are  many  factors  that  influence  the  settling  rates  of 
finely  ground  ores.  For  instance,  an  ore  that  has  been  air  dried 
settles  more  rapidly  than  one  coming  directly  from  the  mine. 

Argillaceous  ores  have  poor  settling  properties.  Lime  and 
xanthate  promote  settling,  while  soda  ash  and  sodium  sulphite  re¬ 
tard  iti 

Thus  lime  plays  a  multiple  role  as  a  purifier.  It  may  be  used  to 
remove  most  of  the  impurities  in  water.  Through  chemical  action  it  brings 
about  the  precipitation  of  the  salts  that  cause  temporary  hardness  and  also 
precipitates  many  of  the  metallic  compounds,  Throu^  physical  action  it 
facilitates  the  settling  of  suspensions  and  aids  in  the  removal  of  organic 
matter. 


LLvIE  FOR  ALKALINITY 

The  advantages  of  alkaline  flotation  circuits  allow  the  use  of  an 
excess  of  lime  in  the  purification  of  mill  water.  That  which  remains  is 
active  in  producing  alkalinity  and  becomes  an  important  flotation  reagent. 
Henderson— mentions  the  use  of  excess  lime  in  solution  as  follows: 

.  A  part  of  the  lime  which  goes  into  solution 

is  consumed  in  neutralizing  the  temporary  hardness  of  the  water 
used  in  making  the  pulp;  more  of  the  lime  is  consumed  in  neutral¬ 
izing  such  acidity  as  there  may  be  in  the  ore,  and  the  balance 
creates  the  necessary  alkaline  condition  in  the  circuit. 

Earlier  in  the  same  article  Henderson  says:  ^ 

Xanthate  will  give  good  results  in  acid  circuit,  but  it  seems 
more  satisfactory  in  alkaline  circuit,  and  the  advantages  of  flota¬ 
tion  in  alkaline  rather  than  acid  circuit  are  usually  such  as  to 
make  the  alkaline  circuit  preferable,  even  though  the  metallurgical 
results  in  both  are  the  same.  '  ’ 

Alkalinity  can  be  best  secured  with  the  aid  of  lime,  as  is 
done  in  cyaniding,  the  quantity  required  varying  in  practically 
every  instance .  • 

The  fact  that  the  quantity  required  varies,  makes  alkalinity  con¬ 
trol  important. 

It  is  quite  evident  that  the  calcium  ion  and  the  hydroxyl  ion  both 
play  a  part^in  flotation,  though  the  action  of  both  is  subject  to  uncertainty. 
Stein  says  :  — 

70  -  Weinig,  A.  J. ,  and  Palmer,  I.  A.,  Page  43  of  work  cited. 

71  -  Henderson,  C.  T.  ,  Page  1016  of  work  cited. 

72  -  Stein,  S.  E. ,  Page  489  of  work  cited. 
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.  . . It  is  necessary  to  know  a  great  deal  more 

atout.  the i action  and  effects,  gf  the  calcium  ion;  and  this  may  prove 
a.. difficult. .problem.  With  respect  to  the  hydroxyl  ion  it  is  proba¬ 
ble.  that  .eriqDerimentation  with  various  reagents' used  in  flotation 
under"  careful  pH  control  will  result  ultimately  in  important  advances 
; in.  our  .knowledge 


.  ,  Stelnr  earlier 
trol  of  alkalinity. 


in  the  same  articlei  hites'.  two  instances  of  the  con- 


One  plant  treating  a  fairly  clean  sulphide  ore ^  as  indicated  by 
its  low  burnt -lime  consumption  of  1.5  lb.  uer  ton  of  cfe,  used  a 
standard  of , alkalinity  for  the  flctatio.n  heading  water^^equi valent  to. 
0.20  lb.  calcium  oxide  per  ton  ore  (at.20'per  cent.splttls).  ,  Marked¬ 
ly  bad. effects  were  noted  when  this  quantity  fell  ;bel'bw  O.lO  lb. 

CaO,  but  the  facts  are  uncertain  as  to  the ' intermediate  range. 

Samples  were  taken  at  half-hour ’interval si 

Another  plant,  having  a  lime  consumption  of  approximately  5  lb. 
per  ton  of  ore,  used  a  standard  equivalent  to  0.10  lb.  CaO  per  ton 
of  ore,  at  20  per  cent  solids.  , Tit rat ions. were  made  at  15-min.  inter¬ 
vals.  The  bad  effects  were  visible  to  thfe  operator  when  the  alkalin¬ 
ity  declined  to  0.07  lb.  C.aO,.  ^arid.  the  appearance  of  a  couple  of 
'0.05 's',  and  say,  one  '  0 . 00 ' ‘on  the  titration  recqrd'sheet  was  an 
infallible  sign  that  the  corresponding  assay  sheet  would  indicate  in¬ 
ferior  metallurgical  results.  The -effe.cts  of  ' overliraing'  certainly 
were  not  visible  to  the . operator  until  an  alkalinity  of  0.15  to  0.17 
lb.  CaO  was  reacho.d,  and  inferior  metallurgy  resulted  Vith  certainty 
only  when  a  considerably  higher  figure  was  reached  .  .  . 

Among  the  various,  ores  treated  .at  one  company's  plant  ‘there 
would  occasionally  be  received  one  which  laboratory  tests  indicated 
was  amena.ble  to  fl.otation  treatment,.,  with  approximately  equal  re¬ 
sults,  by  the  use  of  either  -lime,  or  sulphuric  acid,  or  in. a  'neutral' 
circuit.  But  the  rule  was  that  either  .alkaline  or  acid  circuit,  each 
with  its  special  accompanying  reagents,  was  required  to  produce  the 
best  obtainable  metallurgy.  The  'neutral'  circuit  would  show  .mater¬ 
ial  losses  in  the  tailing.  There  is,  of  course,’  the  possibility  of 
existence  of  a  suitable  reagent  for  the  'neutral'  circuit,  "but  , this 
was  not  discovered. 

The  control  of  al.kal  inity  presupposes  an  accurate  method  of  quanti¬ 
tative  determiriation.  '^henouhthalein,  the  indicator  frequently  used  in 
c.vanidation  and  flotation,  is  not  sensitive  toward  low  alkalinities.  Its 
change  in  color  occur-s  only  when  the  solution  is  well  on  the  allcaline  side 
(pH  8.5),  and  the  fact  that  it  is  colorless  in  pulos  more. acid  makes  .it  .use¬ 
less  near  the  neutral  point.  It  is  interesting  at  this  ooint  to  give  the 
discussion  of  Tiomas ,  Christmann,  and  GiffordZ^  on  the  difference  between  hy¬ 
drogen  ion  concentration  and. acidity  as  expressed  in  normality: 

73  -  Thomas,  Christmann,  and 'Oif ford.  Pages  2  and  3  of  work  cited.  • 
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It  is  necessary  to  distinguish  between  the  hydrogen  ion  concen¬ 
tration  of  a  solution  and  its  acidity  as  expressed  in  normality. 

A  liter  of  normal  acetic  acid  will,  of 'course,  neutralize  the  same 
amount  of  alkali  as  a  liter  of  normal  hydrochloric  acid,  hut  the  hydro¬ 
gen  ion  concentration  in  the  latter  solution  is  much  greater  than  in 
the  former.  This  is  the  reason  for  many  of  the  differences  in  the 
properties  of  acetic  and  hydrochloric  acids’ and  Is  what  is  usually 
meant  hy  the  statement  that  hydrochloric  acid  is  'stronger'  than  acetic 
acid.  The  hydrogen  ion  concentration  is,  therefore,  a  measure  of  what 
might  he  termed  the  'active  acidity'  of  a  solution  rather  than  of  the 
total  acid  concentration. 

...  It  is  obvious  that  the  oH  of  a  solution  cannot  he  determined 
hy  titration,  for  this  would  show  the  total  acid  or  alkali  available 
for  neutralization,  which,  as  we  have  seen,  is  not  a  measure  of  the. 
hydrogen  ion  concentration.  Furthermore,  the  introduction  of  acid  or 
alkali  into  a  solution  would  immediately  change  the  pH  value  and  there¬ 
by  destroy  the  thing  to  he  dete mined.  _  ■ 

Regarding  the  function  of  lime  alkalinity,  MacEonald—  says  the  fol¬ 
lowing:  ' 

.  Lime  assumes  the  important  function  of  protecting  - 

xanthate  hy  impeding  its  precipitation  hy  soluble  iron,  thou^  happily 
pemitting  the  corresponding  reaction  with  soluble  couper.  Sodium 
sulohide,  or  even  an  excess  of  sodium  xanthate  itself,  might  well 
serve  some  functions  of  lime,  exuept  as  the  wastage  of  these  more  ex¬ 
pensive  reagents  hy  soluble  iron  mi^t  he  intolerable.  The  discrim¬ 
inating  precipitation  of  the  latter  is  desirable.  In  a  lime  circuit, 
the  relatively  low  solubility  of  calcium  xanthate  may  he  a  disadvantage. 

Thomas  and  his  associates—  add  the  following  remarks  concerning 
the  use  of  aero float  in  a  pulp  containing  high  lime  alkalinity: 

.  When  used  in  splutions  of  hi ^  lime  alkalinity.  Aero- 

float  has  occasionally  given  erratic  results  and  this  fact  has  led  us 
to  investigate  the  effect  of  alkalinity  upon  flotation,  with  particu¬ 
lar  reference  to  flotation  in  solutions  whose  reactions  are  very  near 
the  neutral  point . 

Stein— adds: 


.  One  large  company  that  found  it  profitable  to  adopt 

pH  control  as  a  guide  to  flotation  operations  discovered  that  the  cor¬ 
rect  value  when  using  one  reagent  was  not  the  best  value  when  using 
another.  Thus  when  it  discontinued  the  use  of  the  lime-xanthate  cir¬ 
cuit  in  which  the  correct  pH  value  was  approximately  10,  it  was  found 
that  the  lime-aerofloat  circuit,  subsequently  introduced,  operated  to 
best  advantage  when  the  pH  was  8.3. 

74  -  MacEonald,  wm.  m. ,  Selective  Flotation:  3ng.  and  Min.  Jour.,  vol.  126, 

Oct.  27,  1928,  p.  681. 

75  -  Thomas,  Christmann,  and  Gifford,  Page  1  of  work  cited. 

76  -  Stein,  S.  E. ,  Page  489  of  work  cited. 
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77 

Thomas  and  his  co-anthors —  think  that  lime  is  not  needed  when  cyanide 
is  used  as  a  depressant:  ^  . 

It  may  he  mentioned -in  passing  that  the  depressor  effect  of  cyanide 
is  almost  always  brou^t  out  to  the  best  advantage  by  working  in  solu¬ 
tions  much  on  the  acid  side  of  phenolphthalein.  The  use  of  an  alkali 
to  'protect'  the  cyanide,  following  the  precedent  of  ordinary  cyanida- 
tion,  is  not  only  unnecessary  but  is  actually  detrimental  to  the  effect 
of  cyanide  as  an  iron  inhibitor. 

SteinZ®  writes  of  the-effect  of  over  and  underliming; 


With  regard  to  the' comparative  deleterious  effects  of  'underlim¬ 
ing'  and  'overliming',  a  more  thorou^  investigation  as  well  as  the 
collection  of  available  data  from  diverse  sources  is  needed.  For 
what  it  may  be  worth,-!  am  herewith  setting  forth  my  present  impression 
on  this  subject.  It  is  prpbable  that  the  theoretically  best  degree  of  - 
alkalinity  varies  for  each  mine,  and  consequently  also  varies  with 
ores  originating  at  different  points  in  the  same  mine.  The  necessity 
of  constant  experiment  is  indicated. 

In  starting  operation  with  lime  it  would  be  wise  to  set  the  stand¬ 
ard  point  of  alkalinity  sufficiently  far  in  advance  of  neutrality — 
consistent  with  the  avoidance  of  excessive  overliming — to  reduce  the 
recurrence  of  complete  loss  of  alkalinity  to  a  minimum.  'Underliming', 
especially  when  it  results  in  complete  loss  of  alkalinity,  is  markedly 
harmful  to  metallurgical  results.  The  froth  livens  up,  becoming  de- 
creasingly  selective  in  appearance  as  the  alkalinity  diminishes.  If 
the  condition  is  not  remedied  by  speedy  lime  additions,  the  froth  will 
'run  away'  in  spite  of  attempts  at  correction  by  reducing  the  quantity 
of  the  frothing  agent.  This  naturally  affects  both  the  concentrate 
and  the  tailing, 

'Overliming'  has  the  reverse  tendency  unless  carried  excessively 
far,  when  a  condition  in  outward  appearance  something  similar  to 
'underliraing'  will  take  place.  The  first  'overliming'  slows  the 
froth  down  slightly,  and  thus  has  a  tendency  to  clean  uu  the  concen¬ 
trate  with  slight  loss  in  the  tailing.  This  moderate  'overliming', 
however,  is  not  usually  harmful,  as  it  is  easily  corrected.  The 
corresponding  degree  of  'underliraing'  usually  would  sbow  a  definite  ,  . 
loss  in  tailing  for  the  shift.  However,  at  one  plant  which  treats  a 
variable  ore,  I  have  noted  on  three  separate  occasions  the  loss  of  a 
considerable  quantity  of  the  standard  alkalinity,  without  a  manifesta¬ 
tion  of  the  bad  'underliraing'  effects  as  described. 

Thomas,  Christmann,  and  Gifford — -write  of  the  amount  of  lime  gener¬ 
ally  used  and  the  effects; 


r\  77  -  Thomas,  Christmann,  and  Gifford,  Page  6  of  work  cited, 
J  78  -  Stein,  S.  S. ,  Page  488  of  work  cired. 

79  -  Thomas,  Christmann,  and  Gifford,  '^age  4  of  work  cited. 


8799 


43 


. The  amoant  of  lime  employed  is  geherally  in  excess 

of  that  required  to  neut^-allze  the  true  acidity  of  the  ore  and  the 
resulting  circuit  is  usually  strongly,  alkaline  -toward' pheiiolphthalein. 

These  hi^  alkalinities  require  the  use  of  large  aradunts  of' lime,  so 
that -the  cost  .of, .-lime  , is  frequently. Igrger  tlian'  that"  of  the  other  : 
■reagents  combined.  -•  As-  a  reason  for  .these  high  lime  "4dditi  ons^,  .'the 
depressant  action  of  lime  upon  flotation  Of  pj^rite  is  frequently 
cited.  While  it  is  mdeniable  that  lime  does  inhibit  the  flotation 
of  pyrite,  the  depressant  action  is  not  specific^  to  pyrite  and  the 
advantage  gained  in  this  direction  may  easily  be  fost  in  others. 

Thus  high  lime  alkalinity  has  been  found  detrimental  to  the  flotation 
of  chalcocite;  it  has, also  been  fo-und  to  cause  Ihre'gularities.iin  the 
behavior  of  the  flotation  reagents,  notably  of’frb'tharsi  v  .  ;  .  . 

...  I  , , 

The.  neutralizing  and  depressing,  effect  which- l-ime''exliiblts  is  proba¬ 
bly  the  chief  reason  for  its  -use  as  a  flotation  reagent.  ■■.  v-- 

■  -  .v:  ■  "  ■  . .  .  ' 

LIME  AS  A  DEPRESSOR  '  '  :.c. 

,r  /■. 

'  ■  ■  ■  ;  (A).  ■  Comments  .on,  T)epression 

.  .  (  .  .  •  • 

.  There -are  -two  theories  to, account  for  the  depressing  action  of  lime: 

(1)  The  Slime  theory,  .and-(2)  the  theory  involving  preferential  deposition  of 
a  compound  formed  by  the  added  agent, and  some  constitue'nt  of  the  ore  pulp 
other  than  the  mineral  -c^on  ;Which,'tho  salt  is  deposited  fcalcium  .cjarbonate 
theory '^of  Gates  =and  Jacobsen).^  ;.  '  '  • 

'■  V  .  ,v  .  '  _  ,  r  ‘-r :  . 

•  'The  ef feet •  of, lime  in  the  .siime  theory  is  disC-ilssed  byrTaggart, 

Taylor,  and  Ince.^1.  .'  "  -  ■  -  '-v. 

The  -presence  of  certain  soluble  inorganic  compo-unds,'  causes  amaz¬ 
ing  differences-  in  the  behavior  of  the  gangue  slimes.  Thus  lime  in 
the  proportion  of  500  mg.  per  1.  (equivalent  to  about  4.0  lbs.  per 
ton  of  ore  ih.  the  usual  pulp)  substantially  prevents  deposition  o.f 
Anaconda  slime  on  galena  ...  .  .  The  same  is  true  with  chalcopyrite 

altho-ugh  this  latter  mineral,  like  galena,"  is  h'eayily  coated- in  the 
absence  of  lime  .....  On  the  other  hah*d,-  when  lime  is.  added  to  a 

quartz.-sliroe  p^llp,  deposition  on  the  sulpilides  is  markedly. .enhanced 

*  '  .  '  ,  ... 

•••••••  ■  • 

T/hile  lime  is  the  reagent  whose  effects  have  been  pictured,  , addi¬ 
tional  experiments  have  proved  that  it  may  be  taken  as  typical  of 
the  other  inorganic  reagents  that  have  been  used  in  ordinary  collec- 
■  ’tive  flotation.  Sodi-um  carbonate,  s.odium  bicarbonate,  sodium  hydrox¬ 
ide,  potassi-um  tartrate,  sulphuric  acid,  al-um,  bari-um  chloride,  etc-, 

_ _ _ _ _ _ _  -  •  ,1  ’  — .  ,  ■ —  .  I  >  — 

80  -  Gates,  j.  E. ,  and  Jacobsen,  L-  K. ,  Some  Flotation  Fundamentals  and  their 

"Potential  Application;  Bull,  of  Univ.  of  Utali,  vol.  16,  No.  4,  Aug.,  1925, 
p.  38.  ^  . 

81  -  Taggart,  A.  F. .  Taylor,  T.  C. .  and  Ince,  C.  R. ,  Experiments  with  Flotation 

Reagents:  Am.  Inst.  Min.  and  Met.  Eng.,  Tech,  "^b*  204,  Class  B,  Milling 
and  Concentration,  No.  17,  New  York,  Mar.  1929,  pp.  45-9 
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have  "been  fohhd' to  have  similar  effects,  differing  V7ith  particular 
sulphide  and  gahgue  present.  ■:  ;  /-i.  r 

.  . .  .-  Addition  to  the  Anaconda- slime  pulp 

of  cyanide  and  zinc  sulphate  ( the,  hi  carbonate  vas  independently 
proved  to  he  not  effective  alone)  prevented  any  considerable  slime 

deposition  on  galena . without,  materially  changing  that 

on  the  sphalerite . P.wite  also  has  a  fairly  heavy  coat¬ 
ing  . in  the  presence,  of  these  reagents.  Under  relatively 

weak  flotation  conditions  galena  might  he  exoected  to  float  away 
from'  blende  and  pyrite'  in' tihis-  pulp.  Subsequent  addition  of  more 
oil  together  with  copper  sulphate*  caused  little  change  in  the 
blende  coating  -.  .  .  .  .bal though  vis'’aal  inspection  indicates  a 

sli^t  reduction,  but  it  does  cause  .a  marked  increase  in  the  coat¬ 
ings  on  galena  .  and  pyrite  ....  Hence  flotation  condi¬ 

tions  can  be  intensified -suffi.ciently  to, -  float  the  blende  without 
effecting  any  considerable  raising  of  galena  and  pyrite. 

The  film  formed  by,  lime  appears  on .  the;  surface  of  the  minerals  some¬ 
what  like  that  obtained  from  a  sulphide  film  formation,  but  the  method  of 
formation  is  of  course  different.  Gates  and  Jacobsenii.  explain  this  as  fol¬ 
lows  :  ■  .  ■  f  . 

bThe  effect  of  addition- reagents,  such-) as  lime  and.  copper  sulphate 
on  the  floative  properties  .of' galena-,  sphalerite,- and.  pyrite,  suggested 

•  the -possibility  of  surface- coatings  or  precipitates  being  deposited  on 
the  surfaces  of  the  minerals .  The,  reflecting  microscope  was  freely 

■  used  to  determine  the -.extent  to  which-^the  surfaces  of  the.  different 
minerals  had  been  affected  by  the  treatment  received,  and  proved  to  be 
of  great  aid  in  substantiating  the  existence  of  surface  coatings.  The 
coating  produced  by  lime  has'  a  depressive  e:f feet  on  the  ..three  sulphides, 
and  that  produced  by  copoer  sulphate  an  accelerative  effect  on  the  flo- 

-  '  tation  of  sphalerite  -and  pyrite.  Photo-micrqgraphs.  actually  revealed 
superficial  •  coatings  .deposited  on  the  mineral  surfaces.  ...... 

•  b  .  The  existence  of  superficial  coatings  was  clearly  shown  both  by 
the  microscope  and  by  photo-micrographs ;  laboratory  experiments  indi- 

*■  'Cate  decided  differences  in  the  behavior  of  coated  and  uncoated  min¬ 
erals  in  the  flotation  cell.  -It  remained  to  determine,  if  possible, 
the  chemical  natiare  and  cause  of  these- precipitates  or  coatings.  Two 
typical  cases  were  talren  for  this  purpose,  and  were  carefully  studied. 

One  was  the  coating  oresent  on  galena  after  treatment  in  a  circuit 
made  alkaline  by  lime,  and -the  other  was  that  formed  upon  sphalerite 
in  a  circuit  to  .which  .copper  sulphate  had  been  added. 

In  the  lime  circuit  the  amount  of  lime  never  exceede.d  three 
pounds  oer  ton  of  ore,  or  a  .concentration  of  0.037  per  cent  lime  in 
the  water.  The  maximum  solubility  of  lime  in  water  at  room  tempera¬ 
ture  is  0.13  per  cent,  the  concentration,  then,  never  exceeded  the 
solubility  of  lime  in  water.  If  all  the ’lime  were  in  soluble  form 

82  -  Gates,  J.  ’f.  ,  and  Jacobsen,  L-  "K ,  Page  51  of  work  cited. 


8799 


-  45  - 


I.C.  6423 


■  •  V 

it  is  evident  that,  since  there  were  no  other  reagents  present,  there 
must  have  been  a  reaction  between  the  solute  and  other  substance.  A 
plausible  explanation  is  that  a  reaction  took  place  between  the  dis¬ 
solved  lime  and  the  carbon  dioxide  content  of  the  air  beaten  into  the 
pult)  during  the  agitation  period. 

CaO  +  =  Ca(0H)3  . (1)  , 

Ca(0H)2  +  COg  =  CaCOjj  +  HgO-'  (2)  '  • 

Calcium  carbonate  is  practically  insoluble  in  water  that  contains  no 
carbon  dioxide.  It  is  probable  that  this  insoluble  precipitate, 
which  is  deposited  on  the  galena  and  which  so  alters  its  behavior  in 
the  flotation  cell,  is  calcium  carbonate. 

(B).  Depression  of  "^yrite  and  Blende 

Just  how  lime  functions  in  flotation  may  be  obscure,  but  the  fact 
that  it  does  function  is  well  established.  Lord  and  Snyder—  discuss  the  use 
of  lime  as  follows: 

.  It  may  be  used  to  neutralize  acid  salts  present 

in  ores  or  water.  It  is  frequently  an  aid  in  clearing  the  froth 
of  gangue  for  which  ourpose  it  may  be  best  to  add  it  in  the  clean¬ 
ing  operation.  Lime  is  a  strong  deoressant  of  pyrite  and  finds  ex¬ 
tensive  employment  for  this  purpose  in  the  treatment  of  cooper  ores. 

Lime  is  used  with  zinc  ores  to  retard  pyri'te,  sometimes  being  added 
in  the  cleaner  machines.  Unless  added  in  small  amounts  it  depressed 
lead  sulphide. 

QA  ’  •  ■ 

According  to  Weinig  and  Palmer:  — 

Alkalis  are  used  also  as  inhibiting  or  retarding  agents,  to  pre¬ 
vent  the  flotation  of  some  of  the  less  easily  floatable  sulphide  min¬ 
erals,  such  as  pyrite  and  sphalerite.  The  effect  is  due,  presumably, 
to  the  formation  of  films  of  basic  salts  upon  the  mineral  particles. 

After  stating  that  lime  could  be  replaced  by  caustic  soda  and  caus¬ 
tic  potash,  but  because  of  its  much  lower  cost  and  greater  availability  it  is 
the  most  used  alkaline  reagent,  Weinig  and  Palmer—  continue  in  the  same 
article : 


.  Lime  is  extensively  used  by  copper  concentrating 

mills  to  prevent  the  flotation  of  pyrite  .  .  •  .  • 

Flotation  reagents  may  be  classified  on  various  bases.  Probably  the 
most  common  and  significant  basis,  however,  is  that  of  the  apparent  or  supposed 


83  -  Lord,  Robert,  and  Snyder,  B.  M. ,  Notes  on  the  Flotation  Process:  Bull,  of 

Southwestern  Eng.  Corp. ,  Los  Angeles,  Calif.,  June,  1929,  p.  18,  (c 

84  -  Weinig,  A.  J. ,  and  Palmer,  I.  A.,  Page  22  of  work  cited. 

85  -  Weinig,  A.  J. ,  and  Palmer,  I.  A.,  Page  22  of  work  cited. 
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fimction  in  flotation,  as  frothers,  collectors,  depressants,  etc.  The  classi¬ 
fication  is  not  "hard  and  fast"  because  a  substance  that  one  operator  uses  and 
classes  as  a  frother  may  be  used  by  another  as  a  collector;  still  another  may 
use  it  for  bhe  combined  effect,-'"'  According  to  TaggartM  there  are  two  essential 
phenomena' "in  flotation.  =  ■  -  .  ■) 

(a)  the  degree  of  water-wetting  of  solid  particles'  and  ■-  -s  • 

•  ('b)  the’  amount  and  ’character  of  froth.  •  , 

•  ■"'The  things  that  flbtat  ion 'agents  do  to  affect  and-control  these 
t'frb  fundamental’ ^phenomena  nnay  be  grouped'  into  five- .general  classes; 

,  the  groins  of  agents, '•’named  according  to  their  functions,  are:  (1) 

'  'Frothing'  agents  ;  (8')  'Collecting'  Agents  ;  •  (.3),  Depressing  Agents  ;  -  (4) 
Di's^perslon-Agerits-;  (5)  'conserving. Agents,  .x  :  ;  ;  .  .. 

Lime  plays'  a  part  in  the' 'last  three  groups ras,  pointed  out  by  Taggart: 

-Dispersion  agents  are -Substances  added  to  an, ore  pulp  which  effect 
thd  "state  of  dispersion  ofHhe  gangue  particles  r  and 'at  the  ipame  t ime 

•  change 'the ''‘ex tent  to  which  these  particles  adsorb 'at  sulphide-rparticle 

surfaces . 'Common  dispersion  .agents  are -sulphuric  acid,  lime, 

copper  sul-ohate,  soda  ash,  caustic  soda,  and  sodiua  silicate . 

•  •  •.  V  )  .w  ■  M :  • 

p^spress-ing ’agents  is  the  ’name  given  to 'substances  that  are  used 
to  lessen  the  floatability  of  one  or  more  of  the  minerals  of  the  ordi- 
narily-floatable  class  in  a  mixture  of  such  minerals,  e.  g. ,  to  de- 
'  "press  sphalerite -when  It  occurs  .with  galena,  Qr,.pyrite  when  associated 
'with  chalcopyrite,  - and- thus  mahe  it  possible  to  float  the  galena  and 
chalcopyrite  festJectively'-in'-concentrates -relatively  free  of  sphalerite 

■'or  pyri'te 'V  .  ’  1  .  A  , 

,  C  •  ■  •(•■■  ■;• . .  ,  ....... 

The'  agents  of  this '  class'; do' not  all  act  in- the.  same  way.  Most  of 
them  fall  also  in -the  dispersion-^agent  class,;  a;  few  react  chemically 
with  some  sulphides  and  not  with  others and.. there,  is  some  evidence  of 
a  t'hird  type  of  action  involvihg'pTeferential  - deposition  of  a  compound 
formed  by  the  added  agent  and‘ some  const!  tpent  of  the  pre  pulp  other 
.  '  than' the  mineral  upon  which'  the' sal t.  deposd.ts .  .  •  ; 

'  -  ..  ■  -  u  .  ,  .  -  ^  ...  _ 

‘  ;  ■  '  Depressing- agents  that, are  also  .dispersion  .agents  include  lime, 
sulphuric 'acid,-  sodium  capbenate,  sodium  bicarbonate,  sodium  silicate, 

‘  ■  '  alkaline  cyanide,  zinc  Sulphate,  :  copuer- sulphate,  al.ura  (--ootassium) , 
and  like  inorganic  substances.  Their  action  is  to  effect  differential 
adsorption' of  gangue  at  the' sulphide  surfaces  *  •  . 

'  •  b-,  .-.  •;  i.  - 

Continuing,'  Tbg^rt; 2:^  says:  j  •  ‘  •.  ,  ...;  ,  - 

r  •  *  . 

■  ■  Conserving  agents  are  .substances  added  to  'ore:  pul-os.  to  protect 

the  other  flotation  agents  from  attack,  by  substances  present  in  the 

■  86  -  Taggait,  Arthur'  p. ,-  Pages  841,  B44,‘and  845  of  work  cited.  . 

87  -  Taggart,  Arthur  F. ,  Page  844  of  work  cited.  .  .. 

68  -  Taggart,  Arthur  F. ,  Page  846-  of  worK  cited.  .  ,  . 
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ore  oulp.  They  are  of  no  particular  chemical  character  and  may,  in 

other  pulps  play  some  other  uart  in  the  flotation  operation . 

Lime  used  with  ores  containing  free  acid,  when  an  alkaline  xanthate 
is  used  as  a  collecting  agent,  is,  in  part  at  least,  acting  as  a  con¬ 
serving  agent. 

?arsons§2.  shows  that  lime  was  used  early  in  selective  flotation: 

Lime  -  This  reagent  was  one  of  the  first  to  he  used  in  flotation. 

It  requires  a  time  contact  with  the  ore  and,  if  possible,  should  he 
added  in  the  grinding  mills.  It  is  used  to  overcome  the  deleterious 
effect  of  soluble  salts  which  are  frequently  present  in  ores,  hut  its 
principal  use  is  as  a  depressant  for  iron  sulphides  in  the  selective 
separation  of  lead  and  zinc,  copper  and  zinc,  and  copper  and  iron  sul¬ 
phides.  It  also  has  a  marked  depressing  action  on  zinc  sulphides  in 
their  separation  from  lead  and  copper.  If  added  in  too ‘large  amounts 
it  will  also  prevent  the  lead  from  floating.  Chalcopyrite  will  float 
in  a  strongly  alkaline  pulp,  hut  chalcocite  and  some  of  the  other  cop¬ 
per  minerals  are  affected  by  the  least  excess.  Therefore,  lime  should 
not  he  used  in  their  flotation . 

farther  on  in  his  article  Parsons—  has  the  following  to  say  regard¬ 
ing  the  use  of  lime  in  the  flotation  of  ores  containing  lead,  zinc,  and  iron 
sulphides; 

In  general,  the  selective  separation  of  lead  and  zinc  is  obtained 
ty  the  addition  to  the  ore  pulp  of  some  reagent  that  will  temporarily 
deaden  the  floating  properties  of  the  zinc,  thus  permitting  the  recov¬ 
ery  of  a  hi^-grade  lead  concentrate.  The  separations  are  made  more 
difficult  by  the  presence  of  large  amounts  of  iron  sulphides,  both 
pyrite  and  pvrrhotite,  and  then  some  reagent  must  be  used  which  will 
permanently  deaden  these  two  sulphides  so  that  they  will  not  float 
with  either  the  lead  or  zinc.  The  only  reagents  used  which  perform 
both  these  functions  are  sodium  cyanide,  sodium  sulphite  and  sodium 
thiosulphate,  but  the  following  have  been  used  with  some  success  in 
temporarily  deadening  the  zinc,,  zinc  sulphate,  sodium  acid  phosphate, 
and  sodium  hydrosulphite.  The  action  of  zinc  sulphate  is  much  more 

effective  when  used  with  sodium  cyanide,  the  two  being  mixed . 

as  they  enter  the  flotation  pulp.  These  reagents  when  used  separately 
seem  to  have  no  effect  in  preventing  the  iron  sulphides  from  floating. 

These  modifying  reagents  are  used  in  an  alkaline  pulp,  with  either 
soda  ash  or  lime.  Lime  has  a  permanent  deadening  effect  on  pyrite  and 
pyrrhotite,  and  also  affects  galena  in  the  same  way  but  to  a  lesser  de¬ 
gree  ...  By  the  use  of  copper  sulphate,  the  action  of  these  modifying 
reagents  is  destroyed,  and  the  flotative  properties  of  the  zinc  miner¬ 
als  are  revived  . 


89  -  Parsons,  C.  S-,  Selective  Flotation;  3ng.  and  Min.  Jour.,  vol.  123,  May  7, 

1927,  p.  758. 

90  -  Parsons,  C.  S.,  Page  759  of  work  cited. 
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Weinig  and  "^al.ner—  add  the  follovring  concerning  the  use  of  lime  in 
the  lead-zinc  seoaration:  ' 


.  If  oresent  in  large  quantities,  lime  practically 

inhihits  the  flotation  of  all  sulphide  minerals.  For  this  reason 
lime  is  not  used  in  lead-zinc  seoaratlons  V7here  the  mill  vrater  is 
used  Over  again.  The  lime  that  is  added  to  inhibit  the  flotation 
of  pyrite  in  the  zinc-iron  separation  wonld^  interfere  rith  the-  flo¬ 
tation  of  galena  in  the  head  of  the 'circuit..'  ■  In  such-  cases  s'chiim 
carbonate  is  used  to  produce  the  alkalinity,'  because  this  reagent 
does  not  serio-us-ly-  hinder  -the  .flotation  of-'the  lead  mineral  .... 

•  •  •  •  • 

Robie?.^  also  writes  of  the  use  of  lime  in  the  lead-zinc  circuit: 

Fresh  water  is  .used  in  the  mill  circuit,  as  the  reagents  used 
in  floating  the  zinc  make  the  water  from  the  settl ing' ponds  un¬ 
adaptable  for  lead  flotation.  ■’ 3o da  ash  is  ;used  instead  of  lime, 
because  it  does  not  raise  so  much  iron,'  and  the- pyrite 'is  very  • 
readily  floated  when  finely  grourid.  -Caustic  soda  gives  too.'stiff 
and  heavy  a  froth  .  .  .  . 

diamond— writing  on  the  same  subject' says :  " 

'^oda  ash  is  used  in  the  three  mills  as  a  conditioning  and  alkaline 
reagent.  Caustic  soda  and  lime  have  been  found  unsuitable  in  o'Ur  oper¬ 
ations,  to  date.  The  quantity -of  soda  necessary  for  good  work  varies 
with  the  character  of  the  ore  being  treated,  our  range  being  from  1 
to  10  lbs.'  per  ton.  The  demand,  is  ■usually  constant  'with  each  ore. 
'T’ailing  solution  can  generally  be  returned  fo-r  soda  and  heat  saving, 
together  with  thickener  overflows  and  filtrates,  into  the  circuit 
witho'ut  noticeable  fculing.  ^ 

Parsons—  in  writing  about  the  separation  of  intimately  mixed  chal- 
copyrites,  sphalerite,  and  iron  sulphides  says:  - 

This  type  of  ore  probably  presents  the  most  difficult  of  all 
selective  flotation  problems.  The  use  of  cyanide  temperarily  to 
deaden  the  zinc  and  permanently  to  deaden  the  iron  sul'ohides  seems 
essential.  However,  laborato-ry  separations  have  been  obtained  by 
floating  the  copper  in  an  alkaline  pulp  by  the  addition  of  lime. 

For  the  flotation  of  the  zinc  the  copper  tailing  was  dewatered  to 
eliminate  a  part  of  the  lime  and  the  p'ulp  then  brou^t  up  to  the 
required  density  by  addition  of  fresh  water.  At  this  -ooint  soda 
ash  was  'added  and  the  zinc  floated  in  a  soda  ash  pulp,  copper  sul¬ 
phate  being  used  to  help  reactivate  the  zinc. . 


91  -  Peinig,  A. 'J. ,  and  Palmer,  I.  A.,  The  Trend  of  Flotation:  Quart.  Colorado 

Sch,  of  Mines,  vol;  24,  No.'  4,  2d  ed. ,  Apr.,  1928.  ■ 

92  -  Robie,  Edward  Hodges,  Selective  Lead  Zinc  Flotation  a.t  Sunnyside:  Eng.  and 

Min.  j'our.,  vol.  121,  May  8,  1926,  p.  760.  '  .  •  ' 

93  -  Diamond,  R.  V7.  ,  Flotation  Res^gents  at  the  Sullivan  Mill:  Min.  and  Met.,  vol. 

8,  Aug.,  1927,  p.  336.  . 

94  -  Parsons,  C-  S.  Page  761  -of  work  cited.  .  .  .  '  '  . 
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O  c; 

In  the  following  statement  Johnson-i  disa,grees  with  Parsons  on  the 
action  of  lime  as  a  depressant  for  sphalerite: 

vir.  Parsons  speaks  of  lime  as  an  active  depressant  of  sphalerite. 

On  Chief  ores  this  does  not  apply;  lime  actually  increased  the  float- 
ahility  of  sphalerite  if  added  in  amounts  up  to  8  or  9  Ihs.  per  ton 
of  ore.  In  practice  the  addition  of  lime,  as  the  hydrate,  ranges 
from  2  to  4  lbs.  per  ton;  additions  in  excess  of  4  lbs.  per  ton  tend 
to  coagulate  the  gangue  to  such  an  extent  that  a  hi^  ’insoluble'  con¬ 
tent  appears  in  the  zinc  concentrate . 

Poo,th°-§  adds  the  following  comment  to  this  discussion:  -  - 

I  believe  that  generally  the  use  of  lime  has  very  little  if  any 
activating  quality  for  the  flotation  of  sphalerite.  It  is  likely 
that  when  lime  is  used  it  sometimes  give  rise  to  the  erroneous  im¬ 
pression  that  sphalerite  has  been  activated,  whereas  in  reality  the 
other,  minerals  (oyrite  in  particular  and  possibly  galena)  have  been 
depressed.  I  also  find  when  using  lime  as  a  reagent  in  sphalerite 
flotation,  especially  large  quantities  of  lime — and  8  or  9  lbs.  per 
ton  is  a  large  quantity — that  generally  more  copper  sulphate  is  re¬ 
quired  for  the  actual  activating  than  when  using  soda  ash  or  other 
alkalies . . 

As  regards  the  use  of  soda  ash,  I  have  tested  a  number  of  ores 
in  which  pyrite  flotation  was  improved  by  its  use.  Usually,  however, 
its  benefits  are  more  apparent  than  real.  It  usually  gives  a  better 
looking  pyrite  mineral  froth,  and  occasionally  the  assays  show  a 
better  recovery  of. iron. 

In  the  testing  of  ores  containing  large  quantities  of  pyrrhotite, 

I  have  fo'-und  that  copper  sulphate  has  a  decided  activating  effect  on 
the  pyrrhotite,  especially  if  some  means  are  not  taken  for  depressing 
the  mineral  previous  to  the  addition  of  the  copper  sulphate. 

Another  record  of  the  use  of  lime  in  flotation  is  given  by 
MacDonald—:  ^  - 

Selective  flotation,  in  this  sense,  between  chalcopjn'ite  and 
oyrite,  has  been  achieved  in  the  mill  of  the  Moctezuma  Cooper  Co.  at 
Nacozari,  Sonora,  Mexico,  to  the  extent  that  over  90  per  cent  of  the 
iron  combined  as  pyrite  in  the  original  mill  feed  is  now  being  re¬ 
jected,  whereas  the  percentage  of  copoer  recovered  remains  almost  at 
the  high  level  obtained  when  but  25  per  cent  of  the  pyrite  iron  was 
being  rejected  . 

Dry  lime  is  fed  mechanically  onto  the  ore  conveyors  leading  from 
the  fine-ore  bins  to  the  primary  mills  . 

95  -  -Johnson,  Homar  L. ,  The  Action  of  Certain  "Reagents  in  Selective  flotation: 

Ung.  and  Min.  Jour.,  vol.  123,  June  4,  1927,  p.  931. 

96  -  Booth,  Lionel  E. ,  Effects  of  Bichromate  in  Flotation  at  the  Sullivan  Mill: 

Eng.  and  Min.  Jour.,  vol.  124,  July  23,  1927,  p.  141. 

97  -  MacDonald,  Wm.  T. ,  Pages  445-454  of  work  cited. 
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Best  flotation  results  are  obtained  when  the  tailing  pulp  shows 
a  lime  content  eauivalent  to  0.15  to  0.35  Ihs.  of  calcium  oxide  per 
ton  of  clear  solution,  depending  somewhat  upon  the  quality  of  the 
lime  used.  When'  the  alkalinity  falls  below  this  minimum,  hi^  flo¬ 
tation  tailing  usually  ensues,  whereas  an  unduly  hi^  alkalinity 
changes  the  character  of  the  froth  unfavorably  and  involves  a  waste 
of  reagent. 

When  a  good  quality  of  lime  is  available,  the  consumption  aver¬ 
ages  from  6  to  6  lbs.  per  ton  of  flotation  feed  r. .  ,  .  , 

•  C.'-  I  . 

The  functions  of  lime  in  flotation  include  the  neutralizing  of 
natural  acids,  precipitation  of  possibly,  detrijpental  soluble  salts, 
prevention,  of  oxidation  of  the  sulphides,  coagulation  and  defloccula¬ 
tion,  and  modification  of  physical  properties  of  the  electrolyte. 

q  o  .  .  '  ' 

Locke— . wri tes  of  the  separation  of  lead,  copper,  and  iron  as  follows: 

One  section. of  the  new  Utah  Apex  mill  handles  lead-copper-iron 
sulphides.  The  lead  and  copper  are  first  floated  together  by  the  use 
of  xanthate,  thus  eliminating  the  iron  with  the. tailings.  The  lead- 
copper  froth  is  next  conditioned  with  l  .lb»  lime  and  0.5  lb.  sodium 
sulphide  per  ton,  thus  deadening  the  copper  and  enabling  the  lead  to 
be  floated  from  it  in  the  final  separation  step. 

Geiser—  mentions  the  use  of  lime  in  differential  flotation  and  also 
the  questionable  advantage  of  lime  in  a  lead-zinc  circuit: 

» 

Lime  is  the  most  important  alkaline  reagent  employed  in  flotation 
today;  it  is  generally  cheap-and  abundant  and  as  its  positive  action 
in  depressing  pyrite  is  becoming  better  understood,  more  plants  are 
adopting  it.  The  rejection  of  barren  pyrite  in  the  concentration  of 
copper  ores  by  the  use  of  lime.  and.  the  T-T  mixifure  or  , xanthate  has 
madt  profitable  the  treatment  of  lower  grade  ores  and  has  enabled 
mires  to  keep  operating  which  would  otherwise  be  forced  to  discontinue 
during  the  present  low  price  of  copper.  It  is  generally  used  on  copper 
ores,  but  frequently  excellent  results  can. be  obtained  on  lead-zinc 
ores.  ,  Th^  amouiit  to  use  will  vary  in  individml  cases,  but  is  gener¬ 
ally  critical,  probably  not  over  one  pound  per  ton  of  solution  being 

sufficient. . High  alkalinity  will  depress  galena,,  but  has 

not  so  harmful  an  effect  on  the  sphalerite,  though  more  xanthate  will 
be  needed . 

In  the  selective  flotation  of  chalcopyrite  and  nickel  minerals 
in  the  presence  of  pyrrhotite  the  essential  requirements  are  the 
same  as  in  eliminating  pyrite-".- namely;  uulp  made  alkaline  by  lime  or 
soda  ash,  and  the  new  flotation  agents.  The  chalcopyrite  floats 
with  more  ease  than  the  nickel  minerals.  .  . 


98  ■-  Locke,  Chas.  B.  ,  Flotation  Dominates  Ore-Dressing  Progress :  Eng.  and  Min. 

Jour.,-vol.  123,  Jan.  22,  1927,  p.  151. 

99  -  Geiser,  H.  'S. ,  Flotation  Reagents  and  Practice:  Eng.  and  Min.  Jour.,  vol. 

123,  May  21,  1927,  pp.  843-44.  '  '  • 
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(^)»  Depression  of  Gold  and  Coijpef'Metallics 

In  connection  with  the  flotation  of'raetallic  copper  Fahrenwald^^^ 
says  that  proper  alkalinity  control  is  important  and  that  lime  may  be  used, 
although  he  advocates  sodium  dibasic  phosphate:  '  ■  '•  . 

. '^n  some  samples,  tailings  carrying  as 

little  as  0.06  per  cent  copper  were  repeatedly  obtained. 

.  *  ■  '  i  •  ■ 

Xanthate  in  -a  slightly  alkaline  pulp  in  conjunction  with  a 
variety  of  oils  was  the  reagent  combination  used.  Lime  or  sodiiara 
carbonate  or  sodium  dibasic  phosphate  in  small  quantities  ga've 
satisfactory  alkalinity.  Sodium  dibasic  phosphate  was  the  best  Of 
these  substances;  a  given  quantity  was  satisfactory,  regardless  of 
the  mill  from  which  the  table-feed  samples  were  taken.  Lime  or 
soda  ash  called  for  closer  regulation.  The  mill  water  was  slightly 
less  than  uH  =  7  and  a  pH  of  7.5  to  8  was  required  .... 

Regarding  gold  and  silver  ores  von  Bernewitzi^  says  in  conclusion: 

.  lore  interest  is  being  taken  in  the  flotation  of 

gold — and  silver — bearing  ores,  and  the  scope  of  the  process  is 
widening. 

1  OP 

Substantiating  this  statement  is  a  current  press  report^^hiii  which 
shows  how  flotation  is  competing  with  cyanidation: 

McIntyre  Porcupine  Mines,  second  largest  gold  producer  in  the 
■^'orcupine  district  of  Ontario,  will  build  a  2000-ton  flotation  plant 
to  replace  the  uresent  1500- ton  cyanidation  mill  . 

The  importance  of  lime  in  this  new  flotation  is  brought  out  by 
^arsonslP^  in  discussing  differential  flotation  of  complex  ores  with  and 
without  gold: 

Successful  separation  of  chalcopyrite  from  the  iron  sulphides, 
both  pyrrhotite  and  pyrite  requires  the  solution  of  two  problems. 

The  first  problem  is  to  free  the  copper  mineral  from  the  iron  .  .  . 

.  •  The  second  problem  is  to  prevent  the  iron  from  floating  with 
the  copuer.  With  chalcopyrite  ore  containing  no  gold  this  can  gen¬ 
erally  be  done  by  maintaining  a  pulp  strongly  alkaline  with  lime. 

Lime  has  a  permanent  deadening  effect  on  pyrite  and  pyrrhotite  and 
very  hi^  ratios  of  concentration  can  be  obtained. 

As  a  general  rule,  copper  ores  containing  gold  present  an  en¬ 
tirely  different  problem,  that  of  recovering  the  gold  in  the  copper 

100  -  Fahrenwald,  A.  W. ,  Xanthate  and  Pure ; Oil  Float  Native  Copper  in  Amygda- 

loid  Ores:  Sng.  and  lin.  Jour.,  vol.  126,  July  14,  1928,  p.  59. 

101  -  von  Bernewitz,  M.  W. ,  Flotation  in  the  Treatment  of  Gold  and  Silver  Ores; 

A  Review:  Fng.  and  Min.  Jour.,  vol.  124,  Oct.  15,  1927,  p.  657. 

102  -  Engineering  and  Mining  Journal,  vol.  129,  June  23,  1930,  p,  631. 

103  -  Parsons,  C.  S.  Page  760  of  work  cited. 
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concentrate.  The  -use  ofulime  to  retard  the  iron,  except  in  rare.  .  . 

instances,  tends  to-  throw  the  greater  part  of  the  gold  with  the  " 
iron  tailing.  Soda  aSh  or  caustic' soda  is  used  "because  it  has 
not  the  detrimental  effect  on  gold,'  but  unfortunately  it  does  hot 
deaden  the  pyrite.  ■.-..Its  effect  is  sufficient' to  keep  the  pyrrhp- 
tite  from  floating,  but  pyrite  floats  readily.  Soda  disperses  or 
deflocculates  gangue  slime,  whereas  lime  coagulates  it.  However, 
soda  also  seems  to  tend  to  coagulate  the  sulphides. 

•  f  «  • 

Sodium  cyjanide  added  to  a  pulp;  the  alkalinity  of  which  is 
maintained  with  soda  ash,  can  be  used  permanently '-to  deaden  at 
least  a  part  of  the  pyrite,. ’but  it' also  often  has- a  modifying 
effect  on  the  chalcopyrite.  The  chalcopyrite  can  be  reactivated 
by  the  addition  of  a  limited  amount  of  copper  sulphate.  By  the 
use  of  cyanide  under  these  conditions  it  is  often  possible  to  ob¬ 
tain  a  hi^er  ratio  of  concentration  without  lo’wering  the' recovery 
of  gold,  - 

In  connection  with  what  ’’arsons  says  concerning  the  gold  in  flotation, 
Thomas,  Christmann,  and  (li ffordlQ4  'write :  .  .  . 

The  third  example  is  an  ore  from  Southwestern  Uiited  States 
assaying  ,1.87^^  copper -and  14.  8^  iron.  The  ore  contains  some  metal- 
,  lie  copper  and  the  comparison  of  lime  and  cyanide  is  of  special 
interest  for  this  reason.  It  has  been  observed  on  several  occa¬ 
sions  that  lime  is  a  powerful  depressant  for  metallic's,  whether 
gold  or  copper,  and  this  is  well  brought  out  by  the  data  ..... 
where  the  lowering  of  the  recovery  caused  by  the  use  of  lime  is 
doubtless  attributable,  in  part  at  least,  to  failure  to  recover 
metallic  copper-'. . . 

To  this,  von  Bernewitzl^^  cites  a  case  where:  "Flotation  in  a  high- 
alkaline  cyanide  solution  •was  not  a  success  .  ,  .  *  .  .  .  '. 

t  .  ,  , 

I  •  « 

‘  ..  .  .•  -^CONGLUSION  •  : 

Thus,  lime,  which  was  one  of  the  first  chemicals  to  be  used  by  man, 
is  still  one  of  the  most  important  industrial  reagents.  Its  use  as  a  purifier 
in  the  treatment  of  water  has  been  well  established;  and  in  milling  it  has 
served  for  many  years  in  cyanidation  and  amalgamation.  In  the  last  five  years 
it  has  become  the  most  generally  used  flotation  reagent.  About  2.5  per  cent 
of  the  nation's  output  is  consumed  by  the  flotation  process  alone. 

Since  there  are  many  varieties  of  lime  and  each  has  its  advantages 
and  disadvantages,  the  operator  who  has  occasion  to  use  it  is  confronted  with 
the  question  of  a  choice.  Such  a  choice  must  be  guided  by  both  technical  and 
economic  considerations.  Consequently,  no  general  recommendation  is  warranted, 
for .what  is  good  practice  at  one  mill  may  be  questionable  elsewhere. 

104  -  Thomas,  Christmann,  and  Gifford,  Page  6  of  work  cited. 

105  -  von  Bernewitz,  M.  W. ,  Page  657  of  work  cited. 
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C 

Limes  vary  greatly  in  composition  and  properties ;  "but  the  multiplic¬ 
ity  of  its  uses  gives' a  field,  of  appl icat ion  for  practically  every  variety. 

On  the  other  hand,  the  types  suitable  for  a  particular  operaliion  may  be  very 
limited.  There'  rnay'  be  onfe  variety  which  is  superior’/  but  a  less  desirable 
lime  may  be  chosen  because  of  its  cheapness.  An  economic' balance  between  ad¬ 
vantages  and  disadvantages  must  be  established,  and  that  must  be  by  the  oper¬ 
ator.  , 

In  general,'  for  flotation,  a  hi ^-^calcium  hydrated  lime  is  probably 
the  most  favored.  It  is  active  as  a  neutralizer  of  acid,  imparts  alkalinity, 
is  a  purifier  and  a -depressor,  and  is  , easily  ;^handled.  Its  chief  disadvantage 
is  its  cost.  Economically,' leaner  limes  mi^t.  bj^  justified  despite  their 
inefficiency.  --  j.^-r  ■:  ,  '  " / 

■  The  chemical,  lime  (CaO),  is  the  mos,t  desirable  constituent  of  a 
"lime,”  and  hence  the  "available  lime"  content  is  often  an  indication  of  the 
value  of  the  material.  Quicklime  is  CaO  'plus  impurities)  and’therefore 
might  be  considered  better  than  the  hydrate  (CaOH)  or  those  limes  which  con¬ 
tain  magnesia  (MgO)  and  other  impurities.  However,  the  hydrate  is, .easier 
and  safer  to  handle,  and  in  some  cases  dolomitic  limes  are  not  disadvantageous. 

For  neutralizing  acid,  dolomitic  lime  is  very,  effective,  "but  it  is  not  effic¬ 
ient  in  imparting 'alkalinity  because  the  magnesium  hydrate  is  insoluble.  If 
free  acid  is  to  be  neutralized,  unbumed  limestone  may  be  ubed,  and  subsequent 
treatment'  may  be  done  with  lime.  Most  of  the  impurities  in  lime  act  only  as 
fillers'and  are'not  harmful  in  .themselves;  the  chief  active  constituent  is 
the  soluble  CalciTom  oxide  or' hydroxide. .  . 

In  choosing  a  lime,,  an  operator  must  consider  the  purpose  of  adding 
lime,  the  properties  of  the  particular  lime  chosen,  and  the  value  of  the 
limes  with  respect  to  their  costs.  Since  there  are'  ho  hard  and  fast  rules  to 
govern  the  selection,’’ operators  differ  in'  opinion  and  final  choice  of  lime. 

■  ■  •  '  •  •  •  ••  „  -  ' 

The  method  of  using  lime  is  also  subject  to  personal  opinion  arid 
plant  operation.  In  general,  lime  for  water  purification  and  as  a  reagent  in 
flotation  should  be  added  to  the  circuit  early  enou^  to  allow  it  to  be  most 
effective  in  its 'reactions. 
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EXPLOSIONS  IN  TEFilESSEE  COAL  MINES  i/ 

By  H.  B.  Humphrey 
INTRODUCTION 

In  the  39  years  from, 1891  to  1929,  gas  and  dust  explosions  in  the 
coal  mines  of  Tennessee  caused  413  deaths,  or  one- third  of  the  fatalities  in 
the  mines  for  that  period.  Inasmuch  as  explosions  caused  hut  about  15  per 
cent  of  mine  fatalities  for  the  whole  United  States  for  this  same  period  it 
is  evident  that  the  Tennessee  coal  mining  record  is  hy  no  means  good,  as  far 
as  ejpilosion  fatalities  are  concerned.  Since  1926,  Tennessee  has  had  a  clear 
record  as  to  fatalities  from  explosions;  this  fact  may  be  credited  very  largely 
to  the  improved  conditions  and  safer  practices  in  Tennessee’ s  coal  mines  which 
have  been  brought  about  by  the  work  of  the  State  Inspection  Department  and  of 
the  Southern  Appalachian  Coal  Operators’  Association  directed  toward  adoption 
of  safety  precautions  and  practices  most  of  which  are  advocated  by  the  United 
States  Bureau  of  Mines.  Chief  among  these  improvements  are  the  replacement  of 
black  powder  and  dynamite  by  permissible  explosives,  improved  ventilation,  and 
the  installation  of  rigid  methods  of  inspection  for  gas.  With  the  present 
tendency  for  operations  to  pass  into  the  hands  of  responsible  and  informed 
management,  and  ^7ith  unrelaxed  care  and  inspection,  the  good  record  of  the  past 
several  years  should  be  maintained. 
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practices  in  Tennessee  mines. 

DISCUSSION  OF  DISASTERS 

Table  1  is  a  list  of  the  fatalities  from  gas  and  dust  explosions  from 
1891  through  1929,  as  obtained  from  the  reports  of  the  State  inspector,  the 
reports  of  bureau  engineers  and  from  the  b'ulletins  on  coal  mine  fatalities 
published  by  the  Bureau  of  Mines.  Except  for  cases  occurring  during  the  war 


1/  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 
following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6424." 

^  Assistant  engineer,  U.  S.  Bureau  of  Mines,  Mine  Safety  Station,  Birmingham, 
Ala. 
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years  when  no  State  reports  were  published  and  in  1898,  1899,  and  1904,  the 
causes  of  injury  are  given,  with  the  class  of  mine  and  the  number  killed. 
According  to  the  State  mining  laws,  Class  A  mines  are  those  liberating  methane? 
Class  B  mines  are  those  dangerously  diy  and  dusty;  Class  C  mines  include  all 
mines  not  in  Class  A  or  B,  employing  over  20  men  and  3  mules;  Class  D  includes 
those  employing  less  m.en  tliau  Class  C  mines. 

In  classifying  mines  the  presence  of  methane  is  determined  by  detec¬ 
tion  with  a  flame  safety  lamp. 

Of  the  413  deaths,  Class  A  mines  had  50,  Class  B  had  315,  Class  C 
had  41,  Class  D  had  2,  and  5  occurred  in  mines,  the  classification  of  Vftiich 
is  not  known.  In  1914  there  were  20  Class  A  mines  listed  and  7  Class  B;  in 
1926  there  were  14  of  Class  A  and  2  of  Class  B  and  in  1927  there  were  7  of 
Class  A  and  4  of  Class  B.  This  predominance  of  Class  B  is  due  to  bad  disasters 
in  mines  which  were  in  Class  B  but  which  also  liberated  gas.  Of  all  the  ex¬ 
plosions  listed,  10  were  in  Class  A;  7  in  Class  B;  9  in  Class  C;  2  in  Class  D; 
and  5  in  unlisted  mines. 

Table  2  gives  those  explosions  classed  as  major  disasters  in  which 
five  or  more  men  were  killed. 

Table  2.  -  Major  disasters 


Date 

j  Mine 

Class 

1  Type 

Origin 

Explosive  used 

Killed 

1895 

ITelson 

f- - 1 - - 

B 

Gas  and  dust 

Blown-out  shot 

Black  powder 

28 

1901 

Hichland 

C 

do . 

do. 

do . 

20 

1902 

Nelson 

B 

do . 

do. 

do . 

16 

1902 

Fraterville' 

B 

do. 

Open  light 

do. 

184 

1911 

Cross  Mt. 

B 

do . 

do . 

do . 

84 

1917 

I'Temo 

C 

Du.st 

Blown-out  shot 

do . 

11 

1925 

Rockwood 

A 

G-as  and  dust 

Open  light 

Permissible 

10 

1925 

 4o- 

A 

do. 

do. 

do . 

27 

Total 

_ 

-- 

-- 

— 

380 

The  one  class  A  mine  in  this  list  had  two  disasters ’ with  37  killed; 
this  mine  is  now  closed,  the  equipment  has  been  withdrawn,  and  operations  are 
suspended  indefinitely.  Three  Class  E  mines  had  foiu:  explosions  with  312 
deaths,  and  the  other  two  explosions  were  in  Class  C  mines  with  31  killed;  dust 
was  a  factor  in  every  case  in  propagating  the  explosion.  The  two  greatest 
disasters  were  in  Class  B  mines  and  were  set  off  by  open  lights  in  accumulations 
of  gas.  Of  the  eight  major  disasters  four  were  set  off  by  open  lights  and  foir 
by  blown-out  shots,  where  black  blasting  powder  or  black  blasting  powder  and 
dynamite  were  used. 


{ 
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Table  3.-  Explosions  classified  by  type 


Type 

No. 

Fatalities 

'  Percentage 

Explosions 

Fatalities 

Gas 

17 

20 

52  -  • 

5 

Lust 

8 

■  '  -42 

24 

10 

Gas  and  dust 

8 

351 

24 

85 

Total  .  . 

33 

413 

100 

100 

Seventeen  of  the  total  explosions,  or  over  50  per  cent,  were  caused 
by  the  ignition  of  gas  alone  and' resulted  in  20  deaths;  eight  disasters  with 
42  deaths  were  due  to  explosion  of  suspended  dust,  and  the  remaining  eight 
were  combined  gas  and  dust  explosions  resulting  in  351  deaths. 

Of  the  17  gas  ignitions,  15  caused  single  fatalities,  one  resulted 
in  three  deaths,  and  the  other  in  two  deaths.  Of  these,  6  occurred  in  Class  A 
mines,  1  in  Class  B  mines,  3  in  Class  C,  2  in  Class  D,  and  5  in  mines  not 
listed.  Less  than  half  occurred  in  mines  classed  as  gassy,  and  more  than  half 
were  in  Classes  C  and  D. 

Lust  explosions  occurred  in  one  Class  B  mine  with  1  fatality  and 
seven  Class  C  mines  with  from  1  to  20  fatalities  in  each. 

Three  gas  and  dust  explosions  occurred  in  Class  A  mines  and  five  in 
Class  B  mines,-  all  except  two  being  major  disasters;  this  shows  that  the  mines 
having  the  worst  disasters  were  recognized  and  labeled  as  dangerous.  There 
were  351  men  killed  in  these  eight  explosions,  two  of  which  caused  single 
fatalities,  and  the  rest  resulting  in  from  10  to  184  deaths  per  explosion. 
These  occurrences  formed  less  than  one-fourth  of  those  recorded  but  they  had 
85  per  cent  of  the  fatalities. 

Origin  of  Explosions 

Table  4.  -  Explosions  classified  by  origin 


Origin 

All  explosions 

Per 

cent 

Major 

di sasters 

Per  cent 

Num¬ 

ber 

Fatal¬ 

ities 

Explo¬ 

sions 

Fatal¬ 

ities 

Num¬ 

ber 

Fatal¬ 

ities 

Explo¬ 

sions 

Fatal¬ 

ities 

Open  light - 

-  14 

318 

77 

4 

305 

50 

80 

Blown-out  shot 

13 

89 

40 

21 

4 

75 

50 

20 

Uncertain  - 

3 

3 

9 

1 

«... 

— 

Miscellaneous 

3 

3 

9 

1 

- 

— 

— 

— 

Total 

33 

413 

100 

100 

8 

380 

100 

100 

Table  4  gives  data  concerning  the  origin,  number,  and  the  fatalities 
resulting  from  all  explosions  and  from  major  disasters  only. 
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The  peculiar  feature  of  this  .district  is  that  essentially  half  of  the 
explosions,  both  major  and  minor,  have  been  caused  by  open  li^ts  and  about 
half  by  blown-out  shots,  the  latter  being  evidence  of  past  unsafe  shooting 
practice.  Open  lights  have  been  the  chief  cause  of  ignition  since  1924.  No 
proved  cases  of  elecirrical  origin  have  occurred;  this  ma.y  be  explained  by  the 
fact  that  there  are  few  gassy  mines  and  there  is  relatively  little  use  of  elec¬ 
trical  equipment.  However,  the  danger  from  electricity  will  increase  as  its 
use  is  extended,  making  it  needful  to  keep  open  t^/pe  electrically  operated  ' 

machines  from  gassy  workings  and  to  keep  gas  and  suspended  coal-dust  from  con¬ 
tact  with  electrical  installations  by  the  use  of  adequate  a-nd  controlled  venti¬ 
lation,  rock-dust,  and  water.  Some  cases  of  suffocation  have  occurred,  probably 
chargeable  to  poor  ventilation.  In  both  major  and  minor  explosions,  open  li^ts 
caused  about  80  per. cent  of  the  fatalities  aud  blown-out  shots  20  per  cent;  this  ' 
figure  is  not  of  as  much  significance  as  might  be  given  to  it  since  it  is  large¬ 
ly  a  result  of  the  death  of  184  men  at  one  time  in  1902  In  an  explosion  set  off 
by  an  open  li^t. 

Small  "local  ignitions"  should  be  guarded  against  by  the  use  of  'dosed 
lights  in  any  mines  where  accumulations  of  gas  may  occur,  and  by  proper  inspec¬ 
tion  and  ventilation  to  prevent  such  accumulations.  These  "local  ignitions" 
are  potential  disasters,  much  easier  to  provent  than  to  control. 

CONCLUSIONS 

Experience  of  several  years  has  shown  that  e.'xplosions  are  preventable 
in  Tennessee  coal  mines  as  well  as  in  coal  mines  every.vhere  else.  The  good 
record  since  1925  can  be  maintained  in  the  future  by  frequent  and  rigid  inspec¬ 
tion,  efficient  supervision,  and  the  proper  use  of  ventilation,  rock-dust,  water, 
and  of  permissible  equipment  and  explosives  in  mines  which  are  or  are  likely  to 
be  gassy  or  dusty. 

The  adoption  and  extension  of  the  use  of  electrical  equipment  must  be 
accompanied  by  such  safeguards  as  will  prevent  the  Ignition  of  gas  accumulations 
or  suspended  coal-dust  by  possible  arcing  or  short  circuiting. 
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DEPARTIvCSlIT  OP  COM^/ERCE  -  FJREAU  OP  MIRES 


PACT'ORS  IRVOL7SE  IR  THE  HEAP  LEACHIRG  OP  COPPER  ORES^ 

By  John  D.  Srillivan^ 

IRTRODUCTIOR  ,  :  ' 

The  reco.yery  of  copper  hy  leaching  from  relatively  low  grade  ores 
containing^ hoth  oxidized  and  snlphide  minerals  is  rapidly  gaining  in  commercial 
importance..  -  There  is  an  economic  limit,  helow  which  certain  ores  can  not  be 
treated  by  concentration  methods,  and  material  with  values  below  this  limit 
must  be  discarded,  possibly  to  be  treated  later,  or  the  copper  must  be  extracted 
by  wet  processes.  ' 

Heap  leaching  has  been  carried  out  by  the  Phelps  Dodge  Corporation, 
Copper  Queen  Branch,  ■  for • several  years,  and  to-day  its  plant  is  a  large  pro¬ 
ducing  unit.  The  Ohio  Copper  Co.  at  Bingham,  Utah,  has  been  leaching  in  place 
since  1919.,  Many  other  leaching  operations  are  also  being  carried  out  in 
various  parts  of  the. United  States  and  in  foreign  countries.  The  plant  at  Rio 
Tinto,  Spain,  maj'-  be  considered  the  father  of  heap  leaching. 

In  heap  leaching  the  ore  is  usually  heaped  as  it  comes  from  the  mine 
without  any  breaiiing  op.  crushing  treatment.  Frequently  pieces  of  rock  5  or  6 
feet  across  a  face  are  found  in  the  heaps.  Solution  is  added  to  the  ore  at  the 
surface  and  seeps  downward  by  gravity  and  is  collected  in  a  solution  sump. 
Solution  is  usually  added  to  one  section  of  a  heap  and,  after  a  certain  quantity 
has  been  added,  the  solution  is  added  to  another  section.  Sometimes  weeks  or 
even  months  elapse  between  additions  of  solution  to  a, given  section. 

Pour  factors  are  essential  to  the  successful-  leaching  of  any  copper¬ 
bearing  ore;  (1)  A  solution  that,  will  attack  the  copper  minerals  must  get  into 
the  body  of  the  ore  particles,  (2)  the  copJ)er  minerals  must  be  dissolved  by  the 
solution,  (3)  the  solution  containing  the  copper  must  find  its  way  out  of  the 
voids  into  the  main  solution  stream,  eJid  .(4)  .the  copper  iii  solution  must  be  re¬ 
covered  by  some  means  of  precipitation.  • 

The  United  States  Bureau  of  Mines  at  its  Southwest  Experiment  Station, 
in  cooperation  with  the  department  of  mining  and  metallurgy,  University  of 
Arizona,  has  undertaken  a  study  of  these  fundamental  factors  involved  in  the 

1  -  The  Bureau'bf  Mines  v/ill  welcome  reprinting  of  this  paper,  provided  the 

following  foptnote  acknowledgnent 'is'  used-:  'JJleprinted  from  U,  S.  Bureau 
of '■Mines  Information  Circular  6425."-  .  •  . 

2  -  Associate  metallurgical  chemist ,' United  States  Bureau- of  Mi]aes,  Southwest 

Experiment  Station,  Tucson,  Ariz, 
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leaching  of  copper  ores.  So-  far,-'  the  'study  has  been  limited  to  the  first  three 
factors,  whicli  are  those  involved  in  the  leaching  operation  itself.  In  leaching 
a  given  ore  the  rate,  of  extraction  is  not  instantaneous  hut  goes  on  slowly,  and 
the  factors  of  penetration,  dissolution,  and  diffusion  go  on  siunltaneously  and 
not  in  successive  steps.  However these  steps  can  he  studied  only  hy  segre¬ 
gating  them  so  as  to  have  only  one  factor  entering  at  a  time.  'The  he  suits' "thus 
obtained  lend  themselves  to  comparisons  that  can  he  used  in  commercial  practice. 

This  paper  presents  a  resume  of. the  results  obtained  in  the  heap- 
leaching  studies  made  at  the  Southwest  Experiment  Station,  and  the  general  con¬ 
clusions  which  have  been  drawn.  ;• 


Fomer  papers  have  described  in  detail  the  experimental  procedure  and 


the  results  obtained  in  the  study  of:  (1)  The  ingress  of  solutions  into  ores 
during  leaching,—^  (2)  the  dissolution  of  various  copper  minerals , A? ^ ^ • 
(3)  the  removal  of  soluble  copper  from  leached  ores.-- 


and 


3  -  Sullivan,  J.  D. ,  Keck,  W.  E.,  and  Oldri^t,  G.  L.,  Factors  Governing  the 

Entry' of  Solutions  into  Ores  during  Leaching;  Tech,  Paper  441,  Bureau  of 
Mines,  1929,  38  pp.  , 

4  -  Sullivan,  J.  D. ,  and  Ostrea-,  Enrique,  Factors  Governing,  the  Entry  of  Solu¬ 

tions  into  Ores  during  Leaching  II:  Tech.  Paper  498.  Bureau  of  Mines,  in 
press. 

5  -  Sullivan,  J.  D. ,  Dissolution  of  Various  Oxidized  Copper  Minerals:  Kept,  of 

Investigation  2934,  Bureau  of  Mines,  1929,  9  pp. 

6  -  Sullivan,'  J.  D. ,  and  Oldright,-  G.  L.,  The  Dissolution  of  Cuprite  in  Sul¬ 

phuric  Acid  and  in  Ferric  Sulphate  Solutions:  Rept .  of  Investi.^tion  2967, 
Bureau  of  Mines,  1929,  9  pp. 
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of  Mines,  1930,  24  pp. 
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10-  Sullivan,  J.  D.,  and  Sweet,  A.  J. Factors  Governing  Removal  of  Soluble 
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11-  Guggenheim,  M.,  and  Sullivan,  J.  D. ,  Acceleration  of  Extraction  of  Soluble 

Copper  from  Leached  Ores:  Tech.  Paper  .,472,  Bureau  of  Mines,  1930,  30  pp.  • 

12-  Sullivan,  J.  D. ,  and  Bayard,  K,  0.,,  Extracts  on  of  Soluble  Copper  from  Ores 

in  Leaching  by  Percolation:  Rept.  of  Investigations, 

30  73,  .Bureau  of  Mines,  1931,  21  pp..  ,  ’  '  '  . 
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iiTCrrj]ss  or  solutioits  into  oiffis  ' 

In  leaching  an  ore,  the  solntionTrust  first  peraeabe  the  ore  in  order 
t«  come  into  contact  with  the  copper-tearing  minerals.  Tncre  are,  in  general, 
two  classes  of  voids  in  rocks:  (1)  rractiires  and  cleavage  planes  and  (2)  pores 
©f  capillary  size  or  smaller.  The  crevices  and  cleavage  planes  are  usios-lly  of 
<rjLch  a  nature  that  they  are  open  along  one  side  or  at  "both  ends.  For  a  solution 
t«  enter  these' openings  it  must  mechanically  push  the  gas  out  of  the  voids.  As 
these  openings  are  not  in^neral  in  a  horizontal  position,  there  may  he  a  larger 
hydrostatic  head  at  one  end  of  the  opening  than  at  the  other.  It  is  not  par-  ' 
ticularly  difficult  for  solutions  to  enter,  large  voids.  '  In  the  second  class  of 
voids,  the  pores  may  extend  through  the  rock  or  they  may' he  connected 'hy  a  net¬ 
work  to  one  another  so  that,  they  are  open  at  hoth  ends,  hut  pores  open  at  one 
end  only  are  also  present.^  Even  in  small- pores  openat  hoth  ends,  if  solution 
penetrates  sinraltaneously-.frcm  hoth  ends,  the  pores  act  as  though  closed  at  one 
end.  In  the  case  of  a  pore  closed  at  one  end,  solution  can  penetrate  only  hy 
replacing  the  gas  ^hthin  the  pore.  A  solution  will  not  penetrate  unless  the 
pressure  within  the  pore  is  less  or  equal  to  the  outside  'pressure.  The  gas  in 
the  closed  part  of  the  pore  must  either  dissolve  in  the  penetrating  liquid  or 
diffuse  through  it,  if  penetration  takes  place. 

I*  ... 

The  movement  of  liquids  in  rocks  throu^  super  capillary  openings 
(circular  openings  greater  than  0.503  mm.  in"diameter,  or  sheet  openings  greater 
than  0.254'mm.  between  walls)  is  prohahly  governed  hy  the  ordinary  laws  of  hy¬ 
drostatics.  Poiseuille's  law  prohahly  governs  the  movement  of  liquids  in 
capillary  openings,  (circular  openings  0.0002  to  0.503  mm.  in  diameter,  or  sheet 
openings  0.0001  to  0.254  mm.  between  walls).  Elcr'>7  through  suhcapillary  openings 
weuld  he  infinitely  slow,  as- the  attraction  of  solid  molecules  extends  from  wall 
to  wall,-  and  no  liquid  would  he  free  to  move,  as  it'  is  attracted  to  the  walls  as 
C  film.  ■  ,  ■ 

A  description  has  been  given  elsewher^§3f  the  apparatus  and  procedure 
used  for  determining:  (l)  The  rate  and  volume  of  penetration  of  solutions  into 
ores,  (2)  the  total  volume  of  voids  within  particles  of  ores,  and  (3)  the 
density  of  ores.  • 

•  I .  ,  y 

‘  Table  1  shows  the  rate  at  which; water  penetrated  into  various  sizes 
©f  a  typical  porphyry  ore  of  the  Southwest!  The  data  show  that  the  time  needed 
for  a  given  percentage  penetration  increases  markedly  with  increases  in  size  of 
particles, 


13  -  Sullivan,  J.  D.',  Oldright,  G-.  L.,  and  Keck,  W.  E.  ,  Method  for  Measuring 

"Voids  in  Porous  Materials:  Rept.  of  Investigations  3047,  Bureau  of  Minos, 
1930,  8  pp. 
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Table  1.  -  Hate  of  penetration  of  distilled  water  into  various  sizes 

of  a  por-pl'iyr.y  ore;  temper  at -are,  30°  C. 


Time,  houro  I _ _ _ Voids  filled^  per  cent 

t  .  'z  \  \  \  ^  ^  /  ,  .  ;  .  '  , 


1  -1 r^-inch  pieces 

V  V./— .V-*.  U.  U.  W 

2-inch  pieces 

3-inch  pieces- 

•  4-inch  pieces 

1/60 

66.1 

31.4 

20.4  ■  • 

16.8 

1/30 

:  69.3 

37.2  , 

26.5 

•  21.8 

1/10  "  ■ 

75*7 

45.7 

34.2 

28.1  •  ' 

1/4 

80.5 

54.2 

44.7 

33.7 

1/2 

83.6 

59.5 

53.8 

37.5.  • 

1 

86.4 

63.6 

62.0 

42.0-  • 

2 

89.2 

68.4 

69.2 

,  46.9  .  , 

o 

89.8 

71.6 

70.4 

50.2  . 

5 

91.0 

75.0 

71.5 

53.3- 

23|- 

95.3 

80.5 

75.7 

■62.2 

48 

96.8 

82.0 

77.2 

66 . 3 

84 

98.1 

83.0 

•  78.5 

69.1 

108 

98.1 

83.5 

79.4 

71.2 

336 

86.0 

83.5 

81.3 

360 

83.7 

82.0  ■  - 

792 

89.4 

91.4  . 

888 

— 

— 

92.2 

_ 

-  Surface  Tension. — The  general  opinion  has  been  that  solutions  entered 
the  pores' of  rocks  by  capillarity.  If  capillarity  is  the  governing  factor,  then 
by  changing  the  surface  tension  of  the  penetrating  liquid,  the  rate  of  entry  of 
solution  should  also  be  changed.  Tests  were  made  in  which  the  surface  tension 
of  ^ter  was  lowered  from  approximately  75  dynes  to  about  25  dynes  per  centime¬ 
ter—  by  adding  enou^  sodium  oleate  to  make  a  saturated  solution,  but  the  rate 
of  entry  of  solution  into  the  ore  was  practically  identical  with  that  of  pure 
VTater. 


Solubility  of  G-as  in  Voids. -j-nAs  surface  tension  has  little  or  no  effect 
upon  the  rate  of  penetration  of  solution  into  ores,  the,  rate  must  be  governed 
primarily  by  some  other  factor,  which  is  indicated  to  be  the  solubility  in  the 
penetrating  solution  of  the  gas  or  ^ses  within  the  voids  of  the  ore.  The 
solubility  of  sulphur  dioxide.i-5  in  water  is  3,937  cubic  centimeters  in  100  cubic 
centimaters  of  water  at  20°C.,  whereas  the  solubility  of  air^  is  1.8  cubic  cen¬ 
timeters  in  100  cubic  centimeters  of  water  at  the  same  temperature.  Data  in 


14  -  Harkins,  W.  D. ,  Davies,  E.  C.  H. ,  Clark,  G.  L.,  Surface  Energy,  VI:  Jour. 

Am.  Chem.  Soc.,  vol.  39,  1917,  p.  587. 

15  -  Seidel,  A. , Solubilities  of  Inorganic '  and  Organic  Substo-nces:  Hew  York, 

1917,  p.  329. 

16  -  Seidel,  A.,  Page  10  of  work  cited. 


-  4  - 


8803 


I.  C.  6425 


Table  2  show  the  rate  at  which  distilled  water  penetrated  into  various  sizes 
of  a  typical  porpliyry  ore  which  had  been  evacuated  and  the  voids  filled  with 
sulphur  diox:.de.  The  ore  was  the  sane  as  that  used  in  the  tests  sninmarized 
in  Table  1.  When  the  voids  were  filled  with  sulphur  dioxide,  water  penetrated 
more  rapidly,  especially  during  the  early  part  of  the  impregnation.  Not  only 
was  the  rate  of  penetration  faster,  but  the  total  volnme  of  penetration  was 
also  greater. 

Table  2.~>-Jlate  of  penetration  of  distilled  water  into  various  sizes 
of  a  porphyry  ore  the  voids  of  which  were  filled 

with  sulphur  dioxide;  temperature,  50°  C. 


Time,  hours 

Voids  filled,  per  cent 

-1+3/4-inch  pieces 

2-inch  pieces 

3-inch  pieces 

4  *inch  pieces 

1/60 

69.5 

45.0 

_ 

43.3 

1/30 

78.0 

52.0 

50.2 

45.8 

1/10 

84.6 

65.0 

66.4 

50.1 

1/4 

90.0 

80.0 

79.4 

55.4 

1/2 

95.3 

86.3 

85.2 

58.2 

1 

95.8 

89.2 

88.5 

62.6 

2 

96.4 

92.0 

90.6 

66.4 

3 

97.1 

93.4 

91.0 

68.5 

5 

97.7 

94.0 

92.2 

71.0 

23i 

98.8 

95.5 

94.3 

77.2 

48 

99.1 

95.7 

95.4 

79.8 

84 

99.7 

97.7 

96.0 

82.0 

108 

100  :o 

S8.9 

96.2 

83.0 

336 

__ 

100.0 

97.9 

88.4 

360 

— 

— 

98.1 

89.1 

792 

— 

— 

100.0 

98.4 

888 

. — 

— 

— 

100.0 

Temperat-ure. — ^tleasurements  made  at  2  to  3.5°  C.  and  at  35°  C.  showed 
that  the  rate  of  penetration  was  more  rapid  at  the  lower  temperature.  For  a 
given  ore,  95  per  cent  of  the  total  penetration  that  took  place  was  attained 
in  40  hours  at  2  to  3.5°  C.,  whereas  50  hours  was  required  at  35°  C.  As  the 
solubility  of  gases  in  water  increases  with  a  decrease  in  temperature,  the 
solution  might  be  expected  to  penetrate  at  a  faster  rate  at  the  lower  temperature. 

I  Various  Solutions. < — -There  is  surprisingly  little  difference  in  the  rate 
of  penetration  of  various  kinds  of  solutions  into  rocks;  5  per  cent  copper  sul¬ 
phate,  2  per  cent  sulphuric  acid,  2  per  cent  copper  sulphate  or  ferrous  sulphate 
plus  sulphuric  acid,  2  per  cdnt  ferric  sulphate,  and  distilled  water  have  very 
nearly  the  same  rates  of  penetration. 


Manner  of  Penetration.- — It  has  been  found  that  in  most  ores  the  solu¬ 
tion  enters  along  fractures  and  cleavage  planes  and  that  from  these  larger 
fractures  it  gradually  seeps  into  the  rest  of  the  rock.  The  first  penetration 
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takes  place  very  rapidiy.  along  these. crevices  and  fractures,  and  the  small  voids 
are  filled  more  slowly  from  these  points  of  initial  penetration.  Photographs 
demonstrating  this  phenomenon  can  he  found  elsewhere.— 

DISSOLUTION  OP  various  COPPER  MINERALS  '  ’ 

Oxidized  Minerals. — The  oxidized  minerals  of  copper— -azurite,  malsu- 
chite,  chrysocolla,  and  tenorite— are  soluble  in  sulphuric  acid  and  in  ferric 
sulphate  solutions.  Approximately  100  per  cent  of  the  total  copper_ is  soluble 
in  one  hour  at  35^  C.  in  sulphuric  acid  oi*  in  acidified  ferric  sulphate  solu¬ 
tions  when  the  size  of,  mineral  is  minus  100  plus  200  mesh.  In  1  or  2  per  cent 
neutral  ferric  sulphate  the  dissolution  is  slower,  but  in  "nearly  every  instance 
the  mineral  is  completely  dissolved  in  24  hours  or  less.  The  rate  of  dissolu¬ 
tion  in  5  per  cent  ferric  sulphate  is  about  the  same  as  in  sulphuric  acid  or  in 
acidified  ferric  sulphate. 

Cuprite. — ^When  cuprite  is  leached  with  sulphuric  acid  in  the  presence 
of  excess  atmospheric  oxygen,  approximately  100  per  cent  of  the  copper  in  pieces 
up  to  4— mesh  in  size  is  converted  into  the  soluble  sulphate  in  20  days  at  35°  C* 
With  a  minus  3  plus  4  mesh  product,  approximately  94  per  cent  is  rendered  soluble 
in  the  same  time.  For  pieces  100  mesh  or  smaller  in  size,  24  hours  is  sufficient 
for  complete  dissolution.  When  cuprite  is  treated  with  acidified  ferric  sulphate, 
particles  up  to  3  mesh  in  size  are  completely  dissolved  in  8  days  and  in  3  days 
99  per  cent  is  dissolved.  For  100-mesh  or  smaller  particles,  one  hour  is  suffi¬ 
cient  for  complete  dissolution.  TThen  cuprite  is  leached  with  sulphuric  acid  in 
the  absence  of  oxygen  (as,  for  example,  in  closed  bottles  in  an  atmosphere  of 
nitrogen)  only  one-half  of  the  copper  is  rendered  soluble,  and  one-half  of  it 
remains  as  metallic  copper,  according  to  the  reaction: 

CusO  +  H2SO4  H  CUSO4  +  Cu  +  K2O. 

When  cuprite  is  leached,  either  in  the  presence  or  in  the  absence  of  oxygen,  a 
layer  of  metallic  copper  forms  practically  as  soon  as  ,tlie  mineral  comes  in  con¬ 
tact  with  sulphuric  acid.  This  metallic  copper  forms  a  difficulty  permeable 
layer  on  the  surface  of  the  particles  that  slows  down  the  dissolution.  The 
metallic  copper  may  be  converted  to  copper  sulphate  by  the  aid  of  an  oxidizer. 
Atmospheric  oxygen  is  a  fairly  good  oxidizer  but  ferric  sulphate  is  a  much 
better  one.  On  particles  100  mesh  or  smaller  in  size  this  metallic  coating  of 
copper  does  not  markedly  hinder  the  rate  of  dissolution,  but  it  is  very  harmful 
for  larger  sizes. 

Chalcocite. — Chalcocite  is  the  principal  sulphide  mineral  encountered 
in  leaching.  When  it  is  leached  with  ferric  sulphate,  the  dissolution  takes 
place  in  two  stages,^  which  may  be  written: 

CU2S  +  Fe2(  504)3  »  CUSO4  +  2FeS04  + 

CuS  ^®2^^^4)3  ^  CuS0,4  +  2FeS0^  +  S. 

17  -  Sullivan,  J.  D.,  Keck,  W.  E.,  and  Oldright,  G.'L.,  Factors  Governing  the  ( 

Entry  of  Solution  into  Ores  during  Leaching:  Tech.  Paper  441,  Bureau  of 
Mines,  1929,  pp.  35-36. 
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The  first  reaction  is  m-ach  more  rapid  than  the  second.  Tor  particles  of  mineral 
10  mesh  or  smaller,  approidmately  50  per  cent  of  the  total  copper  is  converted 
into  the  soluble  sulphate  in  24  hours  at  35^  C.,  v/nereas  approximately  20  days 
is  required  to  dissolve  the  other  half.  Particles  as  large  as  2  or  3  mesh 

dissolve  at  only  a  slightly  slorer  rate  than -minerals  crushed  as  fine  as  minus 

150  plus  200  mesh.  An  cxi-iizing  agent  is  necessary  to  dissolve  chalcocite. 
Sulphuric  acid  in  the  absence  of  oxygen  -or  ’^ter  even  in  the  presence  of  oxygen 
have  practically  no  dissolving  effect  upon  the  minerql.  Sulphuric  acid  in  the 
presence  of  excess  a-tmospheric  oxygen  .attache  the  mineral,  but  does  so  more 
slowly  than  ferric  sulphate  solutions.'  At  C.  the  rate  of  dissolution  is 

practica.lly  the  same  in  ferric  sulphate  and  in  f.e.rric  chloride.  The  rate  of 

dissolution  increases  with  increases  i.n  temperature.  In  43  hours  50,  59,  and 
87  per  cent  of  the  cop’po>*  was  dissolved  from  minus"  100  plus  200  mesh  chalcocite 
at  23,  35,  and  50°  C.,  respectively,. 

rornitje,---‘Data,, on  the  rate  of  dissolution  of  various  sizes  of  bornite, 
Cu5FeS4,  in  acidified  ferric  su].phate  are  given  in  Table  3. 

Table  5. — Dissolution  of  various  sizes  of  bornite  in  a-  solution 
conteinina  1.  per  ernt  of  iron  as  ferric  sulphate 
plus  0.5  per  cent  of  sulphuric  acid;  temuerdture,  35°C . 


Time 

-  .  -  ■ 

Copper  extracted,  per  cent 

-2+3  mesh 

-  -lC-)-23  mesh’ 

-100+200  mesh 

-200  mesh 

1  hour 

•.  4 

19 

27 

29 

3  hours 

7 

26 

^  *  28 

30 

8  hours 

12  ■ 

30  ■  • 

31 

33 

24  hours 

21 

38 

38 

41 

48  hours 

32 

53 

51 

56 

3  days 

43 

61 

-60 

66 

4  days 

51 

66 

65 

72 

5  da^J-s 

58  •• 

69  ,  . 

69 

77 

7  days 

68 

74 

78 

87  . 

10  days 

78 

■  84 

94 

•  .  .  ‘  97 

14  days  ; 

86 

97 

98 

99 

21  days 

94 

99  ;■ 

.  ,99 

99 

28  days 

97 

100 

99 

100 

The  rate  of  dissolution  of  bornite  is  markedly  increased  by  increases 
in  temperature.  When  minus  100  plus  200  mesh  bornite  was  leached  with  acidified 
ferric  sulpha-te  64  per  cent  of  the  copper  was  dissolved  in  1  day  at  50°  C.,  in 
4  days  at ^35°  C.,  and  in  14  days  at  23°  C.  Ei^ty  per  cent  of  the  copper  was 
dissolved  in  6  hours  at  boiling  temperature.  Bornite  dissolves  more  rapidly 
in  ferric  chloride  than  in  ferric  sulphate.  -S-ulphuric  acid  plus  air  attack 
bornite  more  slowly  than  ferric  sulphate  solutions.  '  • 


Covellite. — Table  4  gives  data  on  the  rate  of  dissolution  of  various 
sizes  of  covellite  in  acidified  ferric  sulphate. 
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Table  4 , --Dissolution  of  various  sizes  of  covellite  in  a  solution 
containing;  1  per  c ent  o f  i r on  a s  'f er x'*i c  suluhat e 
plus  0.5  per  cent  of  sulphuric  acid  '  • 


0  i--'.- 


Time 

Temperature 

■  '  Copper  extracted,  per  cent 

-5-f-lb  mesh  '■ 

-10+28  mesh 

-100+200  mesh 

-200  mesh 

1  day 

35 

-  ■  ,  •4 

6 

8 

'  13 

5  days 

•35 

6 

10 

16 

40 

11  days 

■  35 

8 

11 

21 

49 

24  days 

■  ■  35i 

9 

-13 

•25 

56 

31  days 

50  ■  ■ 

'•  12 

18 

44 

‘75 

39  days 

50 

■  14 

21 

50 

82 

47  days 

50 

16 

24 

57 

'  8*?  ■  ' 

1  -  Ten^erature  maintained  at  35°  C.  for  24  days  and  thed '  increased  to  50°  C. 


The-rate  of  dissolution  of  covellite  increased  with  increases  in, 
temperature,  Jor  a -given  sample,  81  per  cent  of  the  copper  was  extracted  in 
14  hours  at  98°  C,,  81  per  cent  in  22  days  at  50°  C.,  and  41  per  cent  in  24  days 
at  35°  C.  The  rate  of  dissolution  was  more  rapid  in  ferric  sulphate  'than  in 
ferric  chloride  at  35°  C.,  but  the  rates  were  virtually  the  same  at  98°  C. 
Covellite  dissolved  in,  sulphuric  acid  in  the  presence  of  excess  atmospheric 
oxygen  about  half  as  rapidly  as  in  ferric  sulphate. 

Cha], copy r i t e » — Chal cop.vr i t e  is  ffequently  found  in  leaching  ores,  but 
it  is  not  appreciably  attached  by  common  solvents,  at  ordinary  temperatures. 
Chalcopyrite  is  a  closely  textured  mineral,  and  its  rats  of  dissolution  is 
greatly  increased  by  fine  grinding.  Data  on  the  rate  of  dissolution  of  chal¬ 
copyrite  are  given  in  Table  5. 

Tabl e  5 .  —Data  on  dissolution  of  chalcouyrite 


Size, 

mesh 

Tempera- 

ture,oc. 

Solvent 

Copper  dis¬ 
solved  in  stated 
time,  per  cent 

-100+200 

35 

O.&/0 

of 

iron  as 

Pe2( 304)3  plus 

0,5^ 

of  HpS04 

1.8  in  45  days 

-100+200 

35 

\M 

do. 

0.5^ 

do. 

1.6  in  45  days 

—350 

35 

2.0^ 

do. 

0.5i^ 

■  do. 

28.5  in  25  days 

-350 

35 

2.0^ 

do. 

0.^ 

. ,  do . 

39.2  in  57  days 

-100+200 

50 

do. 

0.5^i 

do. 

4.6  in  8  days 

-IOO+2OO 

50 

1.0-^ 

do. 

O.dfo 

do. 

5.2  in  14  days 

-350 

50 

\iQp]o 

do. 

0.5fo 

,  do . 

32.2  in  8  days 

-350 

50 

\M 

do. 

o.dp 

'do . 

43.6  in  14  days 

—350 

35 

l.Cffo 

of 

iron  as 

T'eCl3 

32.6  in  25  days 

-350 

35 

l.Ofo 

of 

iron  as  I’eCl3 

45.3  in  57  days 
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Figure  U-gri^al_^us  2  plus  S  mesh  hnrn-ii» 


before  leachinpr 


Figui  e  2»--i^nus  2  plus  3  mesh  bornite  after  leaching  for  14  gayb  aC 

acidified  ferric  sulphate 


Figure  3,-  Residue  from  leaching  minus  2  prlua  3  me  A 
bornite  after  treatment  with  carbon  bisulphide 
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The  foregoing  data  show  that  the  rate  of  dissolution  is  faster  when 
the  mineral  is  more'  finely  ground,  that  the  rate  increases  with  an  increase  in 
temperature,  and  that  the  rate  of  dissolution  is  more  rapid  in  ferric  chloride 
than  in  ferric  sulphate. 

In  heap  leaching  an  appreciable  amount  of  the  copper  in  chalcopyrite 
may  be  eztraxlfced  owing  to  the  long  period  of  contact  with  solutions,  and  the 
possible  rise  in  temperature  of  the  ore  during  weathering. 

When  chalcocite  is  leached  with  ferric  sulphate  one-half  of  the  copper 
dissolves  rapidly  leaving  a  residue  approximating  CuS  which  dissolves  much 
slower;  with  bornite  the  copper  is  attacked  preferentially  to  the  iron;  while 
with  chalcopyrite  the  mineral  dissolves  as  chalcopyrite;  that  is,  at  any  stage 
in  the  dissolution(up  to  an  extraction  of  approximately  45  per  cent  of  the 
copper  which  has  been  the  maximum  studied) ,  the  ratio  of  CurFerS  in  the  residue 
remains  the  same  as  in  the  original  mineral.  With  covellite  at  5ny  stage  in 
the  dissolution  the  residue  has  approximately  the  same  ratio  of  Cu:S  as  the 
original  mineral. 

When  large  pieces  of  chalcocite,  bornite,  or  covellite  are  leached 
with  ferric  sulphate  the  particles  do  not  disintegrate  and  the  residue  become 
a  powder.  The  particles,  after  leaching,  nearly  retain  their  original  outline, 
and  very  little  powder  is  formed.  Apparently  the  sulphur  left  behind  retains 
the  original  form  of  the  mineral  particles.'.  When  carbon  bisulphide  is  added  to 
the  residue,  the  sulphur  dissolves  and  the  particles  collapse.  Figures  1,  2, 
and  3  demonstrate  th'is  phenomenon.  Figure  1  shows  minus  2  plus  3  mesh  bornite 
before  leaching;  Figure  2,  the  residue  after  leaching  for  14  days  at  60°  C.  vnth 
acidified  ferric  sulphate;  Figure  3,  the  residue  after  treatment  with  carbon 
bisulphide.  In  the  14-day  period  of  leaching  91  per  cent  of  the  copper  was 
dissolved. 

eemoval  of  soluble  copper  from  leached  ores 

In  heap  leaching,  because  the  solution  is  added  to  a  given  section  of 
the  heap  and  because  after  a  certain  quantity  of  solution  has  been  added  the 
leach  solution  is  added  to  another  section,  several  months  may  elapse  between 
additions  of  solution  to  a  given_  section.  Heap  leaching,  therefore,  results  in 
a  process  of  alternate  wetting  anddrying..  When  the  surface  is  dried,  evapora¬ 
tion  pulls  solution  to  the  sijrface  where  the  dissolved  salts  crystallize  as  the 
solutions  evaporate,  and  the  next  wetting  operation  removes  part  of  these  salts. 
At  the  same  time  that  the  salts  are  ranoved  by.  washing  some  solution  penetrates 
into  the  cavities,  cleavage  planes,  and  pores  within  the  ore.  If  all  of  the 
moisture  within  the  ore  was  removed  durihg  the  drying  cycle,  all  of  the  copper 
salts  would  be  precipitated,  partly  at  the  surface  and  partly  within  the  ore. 
When  the  ore  is  washed,  the  distance  that  the  solution  penetrates  into  the  ore 
is  a  function  of  the  time  of  washing. 

The  alternate  wetting  and  drying  tests  carried  out  in  the  laboratory 
could  not  easily  bo  duplicated  in  heap  leaching.  Invthe  laboratory  the  surfaces 
of  the  ore  may  be  completely  dried,  and  it  is  possible  to  dry  the  entire  sample. 
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In  heap  leaching,  -a  ccmplete  drying  would  he  practically  impdseihl-Q.  As  a  heap 
may  contain' several' million  tons  "of  pro  comploto  drying,  oven  . of.  the  surface, 
could 'hardly  ho  expected.  Experiments  have'  shcmi  .that,  the  popper  can  he  hccoght 
to  the  surface  even  though  the  particles  of  ore  are  'only  partly  dried. 

"■  '■  With  a  0.5~hour' period  of  drying  a,nd  a  0.5-]ho''ir  period  of  washing  and 
the  cycle  re^e^'^ed.' until' nearly,  all  "of  tlie  ,  copper., vyas,. extracted,  80..per  cent 
of  the  total  copper  in  solution  was  extracted  from  3-inch  pieces  of  ore  in  6 
hours,,  whereas  44  hours  was,,  required:  for,  5:to  6  .inch- pieces.  .'.'This  shows  the 
'advantage  of  employing  small  pieces  of  ore*"  ■.  ■  '  .  -u'. 

,,  In  heap  leaching,  .very  short  periods  of  alternate  wetting  and  drying 
can  not  he  maintained, , -hut -lahoratory  Work  has  shown  the  advantage  gained  hy 
keeping  the  cycles  as  short  as  possihle.  With  3-inch  pieces  of  ore,'  an  extrac¬ 
tion  of  80  per  cent  of  the  water- soluhle_  edp'per.  was  .olitained  in  6  hours  with  a 
0.5*-h'our  period  of  drying  and  a‘  0.5-houf  period 'of  washing,  whereas  25  hours 
was  required  for  a  6.0-hour  period  of  drying  and  a  2.0-hour  period  of  washing. 
Any  advocacy  of  shorter  cycles  in  alternate  wetting  and  irying  presupposes  that 
the  heaps'  are  porous  and  well'  aerated.  <.■ 

The'  soluble  copper  can  he'  removed  hy  alternate  wetting  and  drying  in 
approximately  15  to  25  per  cent  of  the  time  required  to  remove  it  hy  flood  wash- 
ing»  provided’ the  ^ffashing  and  drying  periods 'are  as  close  to  each  other  as 
.  po s sihl e ..hut  long  enough  to  permit  a  fairly  thoro'ugh  drying  of  the- charge  and 
soaking  in-.of  the  leaching  solution i-  As  an  exanple,  it  took  approximately  150 
hours  to  remove  90  per  cent  of  the  viater- soluble  copper  hy  vat  washing  from  the 
minus  1  plus  ^  inch  size  of  a  porphyry  ere  saturated  with  copper, ...sulphate,  where¬ 
as  only.  31^-  ho'urs  was  required  hy  alternate  wetting  and  drying 'when  the  period 
of  drying  was  4.0  hoors  and  the  period  of  washing  0.5  hoior. 

A  rapid  movement  of  air  past  the  surface  of  the  ore  promotes  rapid  . 
drying.  Anything  that  interferes  with  the  circulation  of  air  slows  down  the 
rate  of  extraction,  thus  demonstrating  the  necessity  of  having  an  open  heap 
where  free  circulation  of  air  is  possible.  Slime  or  other  material  that  will 
coat  the  surface  would  also  hinder  drying.  The  rate  of  extraction  is  also  in¬ 
creased  hy  an  increase  in  temperature. 

•;  •  When  a  rock  is  sat’urated  with  copper  sulphate  and  then  dried,  the 
crystallized  salt  is  dissem.inated  throughout  the  entire  rock,  especially, along 
the  fract’ores  and  cleavage  planes.  A  large  part  of  the  copper  is  brought: 'to  the 
s'urfaco  in  tne  first  drying  operation.  Some  of  the  copper  is  crystallized  in 
the  interior  of  the  rock,  especially  along  larger  fractures  and  cleavage  planes. 
Photographs  demonstrating  this  phenomenon  can  ho  found  elsewhere.— 


18  Sullivan,  J.  D.,  and  Sweet,  A.  J.,  Eactors  Governing  Romoval  of  Soluble 

Copper  from  Leached  Ores:  Tech.  Paper  453,  Bureau  of  Mines,  1929,  p.  22  ff. 
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....  .  CONCLUSIONS 

In  lonching,  tlio  throe  factors  (l)  ingress  of  .solutions,  (2)  dissolu¬ 
tion  of  minerals, ,  and  (3)  removal  of  the'soluhlo  copper  are  inter dopondent  and 
work  simultaneously.  The. speed  of  leaching  can  he  no  faster  than  the  slowest 
stopr  Enou^i  solution  can  not  enter  a  rock  at  one  time  to  dissolve  the  copper 
minerals  completely  unless  the  copper  content  of  the* ore  is  very  low.  A  sample 
of  ore  weighing  2,000  grams  may  soak  up  about  40  cubic  centimeters  of  solution. 
If  the  ore  contains  1  per  cent  of  copper-,  and  the  solution  coming 'out  of  the 
pores  contains  20  graras  of  coppeh  per  liter  (assumed),  1,000  cubic  centimeters 
of  solution  or  approximately  25  renewals  of  the  solution  within  the  voids  would 
be  necessary.  I’rcquont  renewals' of  solution  and  much  time  is  required  to  get 
sufficient  solvent  into  contact  with  the  minerals  and  to  wash  out  the' dissolved 
copper. 


In  heap  leaching  with  oxidized  ores  the  slowest  step  is  probably  the 
removal  of  the  soluble  salts.  If  the  copper  exists  as  sulphide  (chalcopyrite 
excepted) ,  about  20  days  will  be  required  for  complete  dissolution  of  the  copper, 
granting  contact  of  mineral  and  solvent  solution  during  the  entire  period.  In 
this  instance,  the  slowest  step  is  probably  the  chemical  one  or  the  dissolution 
of  the  copper  sulphide,  granting  that  conditions  found  in  the  laboratory  hold 
in  practice. 

The  rate  of  dissolution  of  the  copper  minerals  is  a  chemical  factor? 
and  in  heap  leaching  practice,  for  a  given  solvent,  the  rate  can  not  be  markedly 
changed.  Althou^i  the  rate  of  dissolution  increases  with  increases  in  tempera¬ 
ture,  it  is  difficult  to  control  temperature  in  a  large  heap.  Actual  temperature 
measurements  within  the  heaps  usually  indicate  a  hi^er  temperature  than  that  of 
the  outside  air,  which  shows  that  the  heat  from  chemical  reactions  is  fairly  well 
stored  within  the  heap.  It  may  therefore  bo  possible  to  increase  gradually  the 
temperature  within  the  heaps  by  adding  warm  solution.  In  the  Southwest  the 
solutions  could  be  warmed  by  the  sun  in  summer. 

Waste  smelter  gases,  if  available,  mi^t  bo  used  with  a  heap  leaching 
plant.  If  waste  gases  are  allowed  to  enter  heaps  and  displace  the  air  present 
before  water  is  added  to  a  given  section  of  the  heap,  the  solutions  should  pene¬ 
trate  more  rapidly  into  the  interior  of  the  rocks.  Also,  waste  gases  would  add 
a  reagent  that  wcruld  help  to  dissolve  the  copper  minerals  present. 

From  a  practical  standpoint,  the  method  of  speeding  up  the  rate  of 
extraction  is  to  crush  the  ores  finer.  Crushing  the  ore  particles  would  not 
only  decrease  the  time  required  for  saturation  but  it  would  also  make  the  ore 
more  amenable  to  leaching  by  open  cleavage  planes  and  crevices  in  the  ore  par¬ 
ticles  and  by  shortening  the  path  required  for  the  leaching  solutions  to  come 
into  contact  with  the  mineral  particles  and  for  the  dissolved  copper  to  be  brou^t 
to  the  surface.  Crushing  to  a  smaller  size  than  2  or  3  inches  mi^t  produce  too 
many  fines,  which  would  tend  to  counteract  the  advantages  of  crushing. 
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•  •  •  .1  j 

Another  means  of  speeding  hp  the  extraction  is  hy  recirculating  solu¬ 
tions  over  the  heap.  Frequently  mino  water  containing  neither  acid  nor  iron 
■  salts  is  passed'  over  the'  ore,"  hut  pwing  .to  the  weathering  of  pyrite  and  other 
sulphides  there  is  a  cqnsider^hle  concent  rati  oh  of  sulphur  i  c  aci  d  aud..s^lt.s,  of 
bivalent  ;and -trivalent  iron  in  the  effluent  “solutions.  '  As  chalcocite  is  ten¬ 
able  to  leaching  by  solutions'  of  salts  of  tri valent  iron,.,  there  is  good  reason 
'  for  recirculating  at  leas.t.a  parf  'of,  the  effluent  ‘solutions.  To,  avoid,  "plugging" 
•'the  leaching 'collriin  with  'fiocculent_ hy^ated  iron  precipitates,  the  solutions 
recirculated  should  contain  some ‘free  acid. 

'  .  .....  r-  _  ^ 

•  ■  '  - 1  ;  .  • 

Heaps  should  be  laid  down  on  isrepared,  footings  to  prevent,  the  loss, , of 
solutions  by  seepage.  This  is  especially  true  if  pregnant  liqxiors  containing’ 
copper  are  recirculatedi.  i  . .  '  ,  .  . 
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TWEITTY  LIVE  REA.SOKS  ROR  RIRST-^ID  TRAIIIIKO  IK  CALIRQRKlAi 

By  Emory  Smith^ 

IKTRODUCTIOK 

The  preface  of  the  United  States  Bureau  of  Mines  Manual  of  Rirst  Aid 
Instruction  contains  the  following  paragraphs: 

One  of  the  most  important  inquiries  that  Congress  has 
authorized  the  Bureau  of  Mines  to  conduct  relates  to  health  condi¬ 
tions  among  those  engaged  in  the  mineral  industries.  Investigations 
made  early  with  a  view  to  "bettering  these  conditions  demonstrated 
the  need  of  prompt  care  of  injui’ed  miners,  as,  under  the  difficulties 
inherent  to  mining  and  other  mineral  industries,  wounds  seemingly 
unimportant,  if  not  treated  promptly,  may  "become  infected  and  possi"bly 
cause  permanent  crippling  or  even  death  of  the  person.  In  the  past 
many  seriously  injured  persons  have  been  treated  by  fellow  workers 
ignorant  of  approved  means  of  treatment  and  transportation  and  have 
been  handled  in  such  a  manner  as  to  cause  suffering  and  to  accentuate 
injuries  to  such  a  degree  as  to  bring  about  permanent  disablement. 
Accordingly,  the  need  of  general  instruction  in  first  aid  became 
apparent. 


It  must  be  recognized  that  the  conditibns  in  and  about  the 
mines,  mills,  smelters,  quarries,  oil  fields,  etc.,  usually  present 
difficulties  not  found  in  large  industrial  centers  where  experienced 
surgeons  are  available  and  hospitals  close  at  hand.  Many  mines  are 
isolated  and,  when  an  accident  occurs  several  miles  underground,  there 
may  be  a  serious  lapse  of  time  before  the  injured  person  can  be  brought 
to  the  surface  and  taken  to  the  hospital  or  given  attention  by  a  sur¬ 
geon  who  may  have  to  come  a  long  distance.  Under  such  conditions  it 
has  been  frequently  demonstrated  that,  if  effective  first  aid  is  not 
given,  the  injured  person  may  die  or  become  permanently  crippled. . . 

Rirst-aid  instruction  has  been  found  to  be  an  excellent  aidSin  pre¬ 
venting  accidents.  In  addition  to  the  immediate  relief  of  injured  persons,  it 
has  been  found  that  most  persons  while  in  the  act  of  practicing  dressings  for 

±  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 
following  footnote  acknowledgnent  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6426." 

Roreman  miner,  safety  division,  U.  S.  Bureau  of  Mines,  Berkeley,  Calif. 
Murray,  A.  L.,  Some  Phases  of  Accident  Prevention  in  Industr;^:  Infomation 
Circular  6055,  Bureau  of  Mines,  1327,  3  pp. 
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inj-uries  are  very  likely  to  'become  interested  in  the  way  such  injuries  are  re¬ 
ceived.  Prom  this  point  onward,  under  an  intelligoiit  instructor,  first-aid 
draining  becomes  accident -prevent ion  work  of  a  highly  effective  nature.  This 
latter  feature  has  an  especial  appeal  to  many  comps.nies  that  are  conscientiously 
working  to  reduce  their  accident  rates,  and  the  pcpu].arity  of  the  training  has 
grown  with  the  years  to  such  an  entent  that  the  bu'.-eau  is  now  unable  to  provide 
enoijgh  instructors  to  meet  the  dea'and;  this  fact  has  been  largely  instrumental 
in  causing  many  companies  to  include  the  course  in  the  regular  program  of  their 
safety  department,  using  their  own  instructors  to  do  the  training. 

To  arrive  at  the  real  va,lue  of  first-aid  training,  when  used  either 
as  an  accident-prevention  measure  or  in  actually  dressing  injured  persons,  con¬ 
sideration  should  be  given  to  the  effects  of  accidents  on  the  community  as  well 
as  on  the  mine  or  plant.  The  result  of  an  accident,  industrial  or  otherwise,  is 
not  confined  to  the  mere  physical  suffering  from  the  injury,  but  because  of  the 
time  lost  from  work  there  is  also  a  loss  of  wages,  or  if  the  injury  is  serious 
the  earning  power  may  be  pei’manently  impaired  or  destroyed  and  a  case  of  depen¬ 
dency  is  very  likely  to  result.  The  loss  of  wages  affects  not  only  the  worker 
and  his  immediate  family,  but  the  lowered  buying  power  of  the  family  will  also 
have  its  effect  on  the  fortunes  of  the  business  men  of  the  community.  Thus, 
while  the  families  of  the  injured  wage  earners  will  be  the  chief  sufferers, 
the  cost  of  all  accidents  must  eventually  be  shared  by  the  community.  Directly_ 
or  indirectly,  the  community  must  support  those  unable  to  support  themselves, 
and  the  direct  cost  of  supporting  the  crippled  inmate  at  some  institution  is 
probably  no  greater  than  the  indirect  cost  of  supporting  the  crippled  street 
peddler. 


It  is  customary,  when  a  first-aid  class  is  being  planned  or  under  way, 
to  stress  the  value  of  the  training  as  an  accident-prevention  measure,  and  when 
a  comparison  can  be  made  of  the  frequency  or  severity  rates  before  and  after 
the  campaign,  the  comparative  figures  in  many  instances  bear  out  the  assertion 
that  universal  first-aid  training  is  one  of  the  greatest  accident  prevention 
measures  that  can  be  recommended  by  the  Bureau  of  Mines. 

This  widespread  use  of  first-aid  tra.ining  as  a  means  of  achieving  in¬ 
dustrial  safety  has  increased  in  recent  years  to  such  proportions  that  it  tends 
to  obscure  the  original  purpose  of  the  training,  which  was  simply  to  prevent 
unnecessary  suffering  or  loss  of  life  pending  arrival  of  the  doctor.  While  it  is 
true  that  an  ounce  of  prevention  is  worth  a  pound  of  cure,  once  the  accident  has 
occurred  the  pound  of  cure  becomes  an  urgent  necessity  which  only  the  trained 
person  can  supply. 

Moreover,  it  should  be  remembered  that  the  knowledge  of  first-aid 
methods,  gained  at  classes  fostered  by  any  agency,  is  equally  applicable  in  in¬ 
dustrial  and  nenindustrial  accidents.  The  frequency  and  severity  rates  will  show 
the  effects  of  first-aid  training  on  the  accident  record  of  the  mine  or  plant, 
but  such  charts  do  not  reflect  the  benefits  of  successful  application  of  first- 
aid  treatment  at  home  or  in  the  genei'al  walks  of  life.  The  accident-prevdntion 
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records  of  a  company,  therefore,  do  not  show  the  time  measure  of  service  render¬ 
ed  to  a  community  hy  a  company  which  includes  first-aid  training  ,in  its  safety 
work. 

Tiiis  has  "been  home  out  in  soveral  instances  where  men  trained  in 
first  aid  at  classes  sponsored  hy  their  ei'iployers  have  been  able  to  save  lives 
in  nonindustrial  accidents.  Two  such  instances  (cases  1  and  2  below)  occurred 
following  first-aid  classes  conducted  during  tho  spring  of  1929  by  the  Bureau 
of  Mines  for  employees  of  the  Associated  Oil  Co.  at  Ventura,  Calif. 

CASES  OE  APPLIED  EIRST  AID 
Case  I  -  In,1ur.v  while  off  duty; 

In  November,  1929,  a  group  of  oil  workers  at  Ventura,  Calif.,  were 
engaged  in  a  friendly  scuffle  while  off  duty.  During  the  mimup  one  of  the  men 
thrust  his  right  arm  through  a  window,  severing  the  artery  just  below  the  elbow. 
Tolliver  E.  Miller,  an  employee  of  the  Associated  Oil  Co.,  who  had  attended  the 
first-aid  classes  of  the  previous  spring,  happened  to  be  present.  Miller  success- 
f'clly  applied  a  tourniquet  to  the  injured  arm  and  removed  the  injured  man  to  a 
hospital  for  treatment* 

Case  2  -  Injury  in  the  home; 

Christie  Theis  was  another  of  the  Associated  Oil  Co.*s  employees  who 
attended  the  classes.  In  January,  1930,  the  daughter  of  his  next  door  nei^bol? 
fell  upon  a  piece  of  glass  and  cut  the  artery  over  her  left  eye.  Unsuccessful 
attempts  were  made  to  check  the  bleeding  by  using  compresses.  Theis,  who  was 
just  leaving  for  work,  was  called  and  successfully  applied  digital  pressure  to 
the  artery  at  the  temple,  stopping  the  flow  of  blood  until  a  doctor  could  be 
summoned. 

Case  5  —  Automobile  accident; 

On  September  27,  1930,  an  automobile  accident  occurred  in  which  a  woman 
was  thrown  throigh  the  windshield  of  the  car,  severing  the  artery  in  the  right 
side  of  her  throat.  Ered  Thieme,  of  the  Pacific  Portland  Cement  Co.,  Redwood 
City,  Calif.,  ^s  riding  in  a  car  immediately  behind  the  wrecked  automobile. 

Thieme  managed  to  pinch  the  artery  between  his  fingers,  and  when  an  ambulance 
could  not  reach  the  scene  of  the  accident  because  of  the  extremely  heavy  traffic, 
he  accompanied  the  woman  while  she  was  being  transported  to  a  hospital  in  an 
ordinary  automobile,  successfully  holding  the  artery  for  half  an  hour. 

Case  4  —  Emergency  in  the  home; 

In  July,  1929,  Judson  Conner  attended  the  first-aid  classes  conducted 
by  the  Bureau  of  Mines  at  the  Redwood  City,  Calif. ,  plant  of  the  Pacific  Portland 
Cement  Co.  Conner  began  his  attendance  on  Monday;  on  Tuesday  he  learned  how  to 
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remove  foreign  matter  from  the  throat  of  choking  persons;  and  on  Wednesday  a 
piece  of  phlegm  slipped  into  the  vrindpipe  of  his  infant,  daugliter,  resulting  in 
suffocation.  Conner  returned  home  at  this  critica.1  time,  and  finding  the 
child’s  face  hlaclc,  rememhered  his  lesson  of  the  previous  day.  Ee  picked ’the 
hahy  up  by  the  heels  and  slapped  her  smartly  between  the  shoulders,  successfully 
dislodging  the  phlegra.  '  ■  '■ 


ITot  alwaj's  does  the  first-aid  man  have  an  opportunity  to  exercise^his 
knowledge  while  the  course  is  so  fresh  in  his  nlnd.  ,  ■ 

Case  5  -  Electrocution;  ■'  ' 

.  ..  ^ 

In  this  case  the  first-aid'  man,  who  was  also  trained  by  the  Bureau  of 
Mines,  found  no  practical  use  for  the  training  for  over  12  years,  yet  when  an 
emergency  arose  he  remembered  his  training  and  saved  a  life.  At  brie  of  ti  e 
diatomaceous  earth  quarries  of  the  Celito  Corporation,  Lompoc,  Calif* i  the  in¬ 
sulation  wore  off  a  power  line  carrying,  440  volts,  and  on  March  15,  1329,  the 
switchbox  of  a  dragline  scraper  became  charged  so  that  the  current  grounded 
throu^  the  body  of- the  dragline  operator  when  he  attempted  to.'. Work  the  starting 
box  lever.  He  was  discovered,  unconscious,  not  breathing,,  by  Felice  Pivato, 
a  fellow  worker  who  investigated  when  his  si.gnals  were  not  answered.  Pivato 
first  broke  the  circuit  by  opening  the  line  switch,  and  then  placing  the  uncon¬ 
scious  man  on  his  face,  administered  the  Schaefer  method  of  artificial  respira¬ 
tion  for  about  20  minutes  until  breathing  was  refeulaad,'  after  which  he  sent  the 
injured  man  to  the  ho.spital. 

EISCTROCUTIOIT  ACCIEEETS  FROM-HIGH-TEESIOE  LIltES 

The  Southern  California  Edison  Co.,  a  public  utility  corporation' with 
mining  affiliations  making  its  employeos  eligible  for  Bureau  of  Mines  training, 
employs  a  very  capable  first-aid  instructor  who  has  trained  several  hundred  men. 
The  records  of  this  company  sl’ow  that  it  has  five  men  who  hold  the  coveted  Insull 
medal,  which  is  awarded  only  to  men  who  have  successfully  applied  the  Schaefer 
method  of  artificial  respiration  to  men  who  ha.ve  been  electrocuted. 

Case  6:  i‘ 


. •  On  November  15,  1923,  an  electrician  came  in  contact  with  a  conductor 
carrying  16,000  volts  at  the  substation  at  Santa  Paula,  Calif,  Tlie  substation 
operator,  J.  C.  Caertner,  administered  the  Schaefer  method  of  artificial  respira¬ 
tion  for  15  minutes,  until  breathing  was  resumed  by  the  patient. 

Case  7: 


On  March  30,  1925,  a  lineman  came  in  contact  with  a  conductor  carrying 
11,000  volts  at  the  substation  at  Eatclla,  Calif.,  and  was  rendered  unconscious. 
The  substation  operator,  J.  G.  PJioday,  administered  the  Schaefer  method  of  artifi¬ 
cial  respiration  for  about  30  minutes.  The  patient  recovered, 

^ 
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Case  8; 

On  Pebrua-ry  5,  1927,  a  lineinan  who  was  working  on  a  pole  at  Monrovia, 
Calif.,  came  in  contact 'with  a  line  carrying  4,000  volts.  The  gang  foreman; 

E.  E.  Eees,  successfully  removed  the  unconscious  injured  man  from  the  pole  and 
administered  the  Schaefer  method  of  artificial  respiration  for  about  20  minutes, 
after  which  the  patient  'resumed  breathing. 

Tase  9: 


On  January  12,  1928,  a  lineman  at  Compton,-  Calif.,  in  removing  the 
slack  from  a  wire  pulled  it  in  contact  with  a  line  carrying  4,000  volts  and 
was  rendered  -unconscious.  The  senior,  lineman,  Ered  H.  Jones,  applied  the 
Schaefer  method  of  artificial  respiration  for  about  10  minutes,  and  the  patient 
recovered.  - 

Case  10:  J,.,. . 

'  On  November  5,  1929,  an  electrician  employed  by  an  oil  company  at 
Santa  Ee  Springs,  Calif.,  came  in  contact  with  a  .conductor  carrying  4,000  volts. 
E.  W.  Horsley,  a  service-gang  foreman  of  the  Southern  California  Edison  Co., 
and  his  assistant,  J.  W.  Eerguson,  applied  the  Schaefer  method  of  artificial 
respiration  to  the  -unconscious  man  -until  he  recovered,  about  20  minutes  later, 

I 

The  operator  in  case  7  was  trained  by  the  B-ureau  of  Mines,  while  the 
operators  in  cases  3,  4,  5.,  and  6  as  well  as  in  cases  11  and  12,  were  trained 
by  the  company  instructor.  Cases  10  and  11  are  also  examples  of  the  service 
rendered  to  a  community  by  an  industrial  concern  training  its  employees  in  first 
aid  to  the  inj-ured. 

Case  11  -  Drowning  boy  revived; 

On  A-ugust  17,  1928,  as  Pat  Crovre,  a  '’trouble”  man  employed  by  the 
Southern  California  Edison  Co.,  was  standing  in  a  drug  store,  a  man  rushed  in 
saying  that  a  boy  had  been  drowned  in  a  swimming  pool  a  few  blocks  away.  Crowe 
end  the  druggist  immediately  drove  to  the  pool,  where  they  fo-und  the  life  guard 
and  others  who  had  worked  on  the  boy,  and  who  had  given  him  up  for  dead.  Crowe 
^ook  the  boy  to  dislodge  any  water  from  the  1-ungs,  applied  the  Schaefer  method 
of  artificial  respiration  for  only  five  minutes.,  and  the  boy  resumed  breathing. 

Case  12  -  Struck  by  a  truck: 

The  Southern  .California  Edison  Co.  instructor  also  fo-und  time  to  train 
members  of  the  H-untington  Park,  Calif.,  fire  department  in  the  B-ur§au  of  Mines 
methods  of  first  aid,  and  this  training  was  instrumental  in  saving  a  life  when 
'V  traffic  accident  occurred  in  front  of  the  fire  station. 
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On  March  27,_1930,  at  Hiontington  Park,  Calif.,  an  autoist  left  his 
'car  and  started  across  the  street  in  front  of  thd  fire  house.  With  his  mind 
apparently  on  matters  other  than  traffic,  he  walked  into  the  side  of  a  passing 
truck,  one  corner  of  which  strack  him  in  the  head,  inflicting  a  "basic  fracture 
of  the  skull  and  severing  an  artery  at  the  temple.  Members  of  the  fire  crew 
witnessed  the  accident,  and  Captain  Charles  Holcomb,  assisted  by  Willard  Laven- 
barg,  William  Harris,  and  V^illiam  Julian,  firemen,  applied  digital  pressure, 
successfully  stopping  the  flow  of  blood,  and  otherwise  cared  for  the  injured 
man  until'  arrival  of  the  ambulance.  ■  The  patdent  recovered. 

.  -  j 

Case  13  ~  Asphyxiation  by-  gasoline  vaporis r •  h: ; r. 

The  Shell  Oil  Co.  of  California  has  for  many  years  been  interested  in 
first-aid  training,  and  in  addition  to  encouraging  its  employees  to  attend 
classes  conducted  by  the  Bureau  of  Mines,  this  company  has  a  number  of  very 
capable  instructors  who  conduct  classes  each  year.  Men  trained  at  these  classes 
have  successfully  treated  the  victims  of  several  accidents,  both  at  work  and 
.away  from,  it,  where- the  life  of  the  injured  person  depended  upon  prompt  and 
efficient  first-aid*  treatment.  ..  . 

On  October  1,  1925,  one  of  the  men  employed  at  the  Watson  Refinery  of 
the  Shell  Oil  Co.  was  overcome  by  casing-head  gas  while  working  in  a  tank  car. 

He  VKis  rescued  uiiconscious  and'’not  breathing,  and  Dan  Sheldon,  a  stabilizer 
operator,  performed  the  Schaefer  method  of  artificial  respifation  for  about  ,30. 
minutes,  until  breathing  was  resumed.  In  this  case  an  oxygen  inhaler  was  used; 
with  the  artificial  respiration."*  , 

Case  14  -  Throat  cut; 

On  October  25,  1927,  an  automobile  accident  occurred  in  Los  Angeles, 
Calif,,  in  which  a  man  was  thrown  throi^h  the  windshield  of  his  car,  severing 
the  carotid  artery  in  the  right  side  of  his  throat.  C.  G.  Bateman,  an  employee 
of  the  Shell  Oil  Co.  at  the  Watson  Refinery,  who  had  been  trained  in  first  aid 
both  by  the  Bureau  of  Mines  and  by  the  company  instructor,  was  present  and 
managed  to  grasp  the  end  of  the  severed  artery  in  his  fingers,  successfully 
pincliing  it  down  for  about  five  minutes  while  the  Injured  man  was  being  rushed 
to  the  hospital  in  a  police  car.  The  patient  recovered. 

Case  15  -  Asuhyxiation  by  hydrogen  suluhide:  . 

On  December  12,  1927,  a  wprkman  at  the  Dominguez  .Refinery  of  the 
Shell  Oil  Co.  was  overcome  by  hydrogen  sulphide  gas  while  working  in  a  valve 
box.  The  victim,  who  had  discarded  the  gas  mask  provided  for  his  safety,  was 
rescued  by  nearby  workers  and  removed  to  fresh  air  where  the  Schaefer  method  of 
artificial  respiration  was  applied  with  ultimate  success  in  an  hour  and  20  min¬ 
utes  by  Dire  Chief  3.  E.  Bernius,  Assistant  Eire  Chief  C.  H,  Pierce,  E.  L.  Maddy, 
and  William  Curry,  all  employees  of  the  Shell  Oil  Co.,  who  had  been  trained  in 
first  aid  by  the  Bureau  of  Mines.  Artificial  respiration  in  this  case  was  supple^ 
montod  by  an  oxygon  inhaler. 
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The  Sliell  Oil  Co.  has  e^cpended  considerable^  effort  in  teaching  first 
aid  to  its  field  as  well' as  refinery  employees,  and  that  this  training  has  been 
the  means  of  saving  at  least  four  lives  is  indicated  in  the  following  statement 
of  results  attained: 

Case  16  ~  Electrocution  by  a  live'  wire  on  the  street; 

William  Avery,  well  puller  at  Long  Beach,  saved  the  life  of  a  lineman 
repairing  an  electric  wire  in  front  of  his  house.  The  lineman  came  in  contact 
with  a  live  wire  and  fell  from  the  pole  to  the  ground.  He  was  unconscious 
from  the  shock.  'Avery  ran  from  the  house  and  gave  the  injured  man  artificial 
respiration  which  saved  his  life. 

Cases  17  and  18  -  Arteries  severed  in  automobile  accidents; 

Howard  Wineland-,  garage  mechanic,  Santa  Pe  Springs,  two  days  after  he 
received  first-aid  instructions  applied  a  tourniquet  to  a  child  who  had  received 
a  severed  artery  in  an  automobile  accident.  He  also  applied  a  tourniquet  on 
another  man  injured  in  an  automobile  accident.  In  both  cases  the  doctor  treat¬ 
ing  them  stated  that  the  application  of  the  tourniquet  saved  the  lives  of  the 
patients. 

Case  19  —  Drowning  Baby  revived : 

In  another  case,  Pete  Hammer,  pipe  line  foreman,  Santa  Fe  Springs  and 
Brea,  tliree  daj'-s  after  receiving  first-aid  training  saved  his  child's  life  in 
the  following  manner:  The  child  was  in  the  bath  tub  and  Hammer  was  reading  the 
newspaper  in  another  room.  He  did  not  hear  any  splashing  of  water  or  any  sound 
whatever  where  the  baby  was  and  he  investigated  the  matter.  He  found  the  baby 
TTas  under  the  water  and  its  body  purple.  He  remembered  his  instructions  in 
resuscitating  drowning  persons,  and  before  the  doctor  arrived,  Mr.  Hammer  had 
succeeded  in  saving  the  life  of  the  baby,  who  to  all  appearances  had  ceased 
breathing. 

Case  20  -  Asphyxiation  while  cleaning  oil  tank; 

The  Richfield  Oil  Co.,  one  of  the  major  oil  companies  operating  in 
California,  employs  very  competent  first-aid  instructors  who  make  a  determined 
effort  to  reach  ever;^  employee  with  the  training.  The  operator  in  this  case, 
who  was  trained  by  the  safety  engineer  of  the  Richfield  Oil  Co.,  received  the 
President’s  Medal,  awarded  by  the  National  Safety  Council  for  meritorious  ser¬ 
vice  in  the  saving  of  life. 

On  September  26,  1929,  an  employee  of  an  oil  company  was  engaged  in 
cleaning  a  tank  at  Davidson  City,  Calif.  The  man  was  provided  with  a  hose  mask 
but  in  some  unknown  manner  the  hose  became  disconnected  from  the  face  piece. 

He  immediately  signaled  his  attendant  on  top  of  the  tank  but  the  attendant  was 
unable  to  pull  him  out  alone.  The  attendant's  cries,  however,  attracted  the 
attention  of  Pred  E.  Keithley,  an  employee  of  the  Richfield  Oil  Co.,  who  rushed 
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over  and  assisted  in  removing  .  the  man  from  the  tanl-c.  'The  top"  of  the  tank  was 
covered  with  4  inches  of  water,  h-at  as  the.  inan  was  not  hreathing  Keithle^  did 
not  waste  time  moving  him  elsewhere,’  hut  laid  him;  on  a  ladder  which  Vreis  lying 
on  the  tank  top'  and  administered  the  Schaefer  method  of  a;rtificial  respiration. 
After  15  minutes  the  patient  shewed  signs  of  ].ife  and  after  25  minutes  he  could 
breathe  without  assistance.  The  patient. was  not  an  employee  of  the  Richfield 
Oil  Co . 

•  */ 

■■  '■  ■  ■  ■  ■'  ,  CONCLUSION.. 

'•  /  ;  •  -f  •  \ 

The  foregoing'list  of  emergencies  in  which  first  aid  has  been  adminis¬ 
tered  is’  far  from  con;plete,  as  no  effort  has  been  made'  to  uncover  any  cases 
other  than  those  in  which  the  Bureau  of  Mines  training  has  directly  entered. 

Many  agencies  are  teaching  methods  of  first-aid,.treatment ,  bringing  standard' 
methods  of  instruction  within  reach  of'practtcaily  everyone  interested.  One 
point  generallj'  overlooked,,  however ,  is  , that  co'.;coanies  interested  in  accident 
preventiorl  and  in  proper  ccJre  uf  injured  ^pkeyees  are.  by  their  efforts  creating 
a  group  of  trained  first-aid  men  who  are  'a  liistinpt  asset  to  the  comm^unity. 


;• 
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rMR'TMEIIT  OP  COMIvCSRCP  -  BURILiU  OP'  MILDS 


SAPE'TY  CORSCIOUSNSSS^ 

By  P.  S.  Crawford— 

Safety  devices  and  guards  are  often  looked  upon  as  the  last  word  in 
safety  by  the  men  around  the  shop  or  large  industrial  plant.  Hov;ever,  thorou^ 
knowledge  of  the  details  of  their  jobs  and  of  the  dangers  attending  them  are 
even  more  important. 

It  sliould  be  unnecessary  for  all  men  to  go  througla  the  experience  of 
the  first  man  to  meet  an  unknown  danger,  but  that  appears  to  be  about  the  only 
way  by  which  mar.y  learn.  Practically  every  danger  connected  with  the  Job  around 
a  mine,  blast  furnace,  steel  mill,  foimdry,  coke  oven,  cement  mill,  or  other 
operation,  was  encoun.tered  for  the  first  time  by  someone,  and  if  he  was  fairly 
fortunate  he  either  got  hurt  or  Just  missed  being  injured  and  lived  to  tell  his 
’’buddies"  how  it  happened;  he  spread  the  loiowledge  of  that  particular  danger. 
Sometimes, .  but  not  often,  a  man  can  foesee  a  danger.  If  he  could  always  be  on 
guard  and  remember  everything  he  had  ever  learned  and  also  know  everything  that 
had  happened  to  the  other  fellow,  and  then  let  that  knowledge  keep  him  aware  of 
the  dangers  in  his  own  immediate  "Job,"  so  that  he  would  work  the  safe  way  for 
both  himself  and  the  other  fellow,  he  would  have  what  safety  engineers  call 
"safety  consciousness." 

Being  safety  conscious  is  a  fine  attribute,  as  it  really  means  knowing 
all  about  one's  Job.  A  man  who  is  really  safety  conscious  is  one  of  the  best 
and  most  efficient  workmen  in  the  whole  plant.  The  boss  v;ants  men  of  that  kind— . 
men  who  want  to  learn  and  v;ho  try  to  learn  every  little  detail  about  their  Job— 
where  there  is  danger  of  spoiling  the  heat  or  getting  burned  by  hot  metal  in  a 
steel  plant  or  of  loading  rock  instead  of  coal  or  ore  in  a  mine.  Such  men  Imow 
how  to  do  whatever  Job  they  are  on  easily  and  with  the  least  amount  of  hard  work 
and  at  the  same  time  get  it  done  as  quickly  as  possible  with  safety.  A  ma.n  who 
is  safety  conscious  has  to  nearly  all  intents  and  purposes  developed  eyes  in  the 
back  of  his  head,  if  he  is  in  a  big  mill  where  there  if  something  going  on  all 
around  him.  These  eyes  are  not  real  eyes,  but  they  are  what  mi^t  be  termed  a 
sixth  sense  which  he  has  developed  by  his  experience  in  the  mill  as  well  as  in 
other  dangerous  work  which  he  may  have  done  before  in  other  plants. 

There  may  be  occasions  when  a  man’ s  safety  consciousness  will  leave 
1dm  for  Just  a  short  time;  this  is  likely  to  happen  when  he  is  thinking  about  a 
qioarrel  ho  had  with  his  wife  which  has  not  been  cleared  up  happily,  or  perhaps 
when  he  has  bought  too  many  things  on  installment  and  with  sickness  at  hone 

1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 
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can  not  meet  all  his  hills.  It  may  happen  when  the  day  is  hot  and  sultry,  or 
when  it  is  bitterly  cold.  ’  When  the  v/eather  is  hot  perhaps  a  man  will  not  have 
as  clear  a  brain  as  in  more  moderate  weather,  and  he  should  be  more  careful. 

When  it  is  cold,  he  is  apt  to  be  nninbed  or  cramped,  or  his  movements  may  be 
hampered  by  heav^’’  clothing;  he  may  not  be  in  the  best  physical  condition,  and 
he  may  not  have  his  mind  on  his  work. 

*  To  guard  against  temporary,'’  lapses  of  memory  and  Inattention,  which 
may  result  from  poor  physical  condition  or'worfy,  the  proper  thing  to  do  in  any 
operation  is  to  guard  everything, -where  guarding  is  possible.  Install  safety 
devices,  make  systematic  and  periodic  inspections  of  the  condition  of  machinery, 
and  replace  worn  parts  long  before  they  may  be  expected  to  fail  from  being  worn 
out  and  thus  cause  the  loss  of  life  or  limb  and  perhaps  d.‘m:age  to  other  property, 

In  spite  of  all  the  guarding  we  may  do  occasionally  some  main  has  an 
accident  and  is  killed  or  badly  injured;  something  may  fall  accidentally,  and 
if  a  man  is  in  the  way  he  will  get  hurt.'  If  the  man  is  not  in  the  way  the  acci¬ 
dent  may  happen  just  the  same,  and  vdiile  noboo;:,'’  will  get  hurt  there  is  likely  to 
be  some  property  damage.  Strive  to  look  ahead  for  the  possibility  of  an '^ci dent 
and  if  possible  prevent  it'i  then  nobody  gets,  hurt  by  being  in  the.  yjay  because 
nothing  happens  that  is  not  foreseen.  ..  /  , 

There  are  really  very  few  true  accidents  because  an, accident  is  ap 
occurrence  out  of  the  ordinary,  which  could  not  be  foreseen.  If  we  take  into 
account  the  possibilities  of  accidents,  we  will  stop  nearly  all  possible  chance 
of  accidents  occurring  and  be  prepared  to  handle  those  other  hazards  that  can 
not  be  eliminated.  After  a  man  has  had  enough  experience  and  ability  to  qualify 
him  to  perform  his  assigned  duties  he  is  supposed  to  be  able  to  foresee  what  will 
happen  in  the  ordinary  run  of  his  work  and  be  prepared  to  take  certain  precau¬ 
tions  against  things  that  would  happen  if  he  did  not  take  the  proper  precautions. 
Although  guards  and  safety  devices,  have  their  proper  place  they  are  useless  unA 
less  a  man  employs  them  right.  Guards  and  safety  devices  are  essential.  They 
should  be  kept  in  place  and  in  operation  at  all  times  to  take  care  of  the  sudden 
failures  man  would  not  have  time  to  handle  because  they  happened  so  quickly-,  but 
the  safety  device  is  useless  unless  the  man  responsible  for  its  operation  takes 
the  necessary  precautions  to  p.ee  that  it  is  in  working  order  at  all  times. 

The  foreman  in  any  plant  bears  the  immediate  responsibility  for  the 
safety  of  his  men  and  for  efficient  work.  He  should  know  the  details  of  all  the 
jobs  under  him  and  be  able  to  instruct  each  of  his  men  in.. the  dangers  and  diffi¬ 
culties  in  his  individual  job.  To  impress  upon  a  man  some  of  the  dangers  in  his 
job  it  is  sometimes  well  to  give  him  a  practical  demonstration,  if  that  is 
possible  without  ruining  machinery  or  other  property.,  ,  Although  that  demonstra¬ 
tion  does  not  .replace  a  guard,  it  is  more  effective  with  the  workman, than  any 
mechanical  guard  because  he  has  been  given  a  mental  picture  of  the  danger  and 
should  know  what  clangers  to  avoid.  After  - all,  the  things  which  we  know  best  are 
those  which  we  have  actually  experienced;  if  the  experience  can  be  gained  under 
the  safe  conditions  of  a  demonstration  a  man  will  remember  the  demonstration 
cotter  -than  something  about  which  he  has  merely  been  warned. 
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We  ou^t  to  stop  occasionally  when  we  are  thinking  about  safety  in 
our  industrial  operations  to  consider  what  has  happened  in  past  history^  If 
we  had  enou^  records  we  could  trace  our  ancestors  for  countless  years.  Nobody 
really  knows  how  the  first  maa  started,  but  the  men  who  dig  up  rocks  with  the 
skeletons  of  animals  in  them,  v;hich  have  been  turned  to  stone,  have  put  all 
their  findings  together  and  worked  up  a  science  called  "geology.”  These  men 
tell  us  the  world  is  many  millions  of  years  old  and  that  men  appeared  in  the 
world  much  later  than  the  creation  of  the  world  itself.  The  first  men  lived 
in  jungles  and  had  to  fight  fierce  wild  animals  with  their  bare  hands,  but  they 
had  brains  and  intelligence  enough  to  learn  something  from  every  hair-breadth 
escape.  The  men  who  didn’t  have  the  intelligence  to  learn  from  experience 
didn*t  live  long  enough  to  be  fathers,  so  everyon.6  now  living  is  descended  from 
jungle  men  who  had  enou^  safety  consciousness  to  avoid  wild  animals. 

Today  we  should  take  a  lesson  from  the  lives  of  those  remote  ancestors 
of  ours  and  do  our  part  in  taming  the  "jimgle  animals"  of  our  daily  civilized 
life.  The  wild  beasts  of  today  are  all  about  us,  but  if  we  keep  alert  and 
familiar  with  the  details  of  our  job  we  can  keep  them  so  far  in  the  background 
that  we  will  hardly  know  they  exist.  The  fierce  beasts  about  our  plants  to-day 
are  the  dangers  surrounding  us,  ready  to  come  into  action  when  we  make  a  mistake. 
Another  i;7ay  of  looking  at  this  is  that  when  we  break  a  law  of  nature  something 

is  bound  to  happen.  Learn  the  laws  of  nature,  and  you  can  avoid  accidents;  the 

fact  that  a  casting  will  fall  to  the  floor  unless  a  strong  chain  is  holding  it 
up  is  one  of  the  laws  of  nature  as  is  the  fact  that  loose  overhead  material  in 
a  mine  will  fall  unless  it  is  properly  timbered.  If  a  man  is  under  the  casting 

or  the  loose  overhead  material  when  it  falls  he  will  get  killed  or  injured. 

No  one  who  has  learned  by  experience  to  be  careful,  realizes  that  the 
laws  of  nature  are  always  in  force,  and  knows  what  to  expect  goes  around  the 
world  in  fear  and  trembling  thinking  he  is  going  to  be  hit  any  minute.  A  man 
who  learns  to  be  safety  conscious  keeps  his  mind  open  to  new  ideas,  finds  the 
best  and  safest  way  of  doing  the  ^obs  which  he  has  to  do  every  day,  and  then 
starts  a  good  habit  by  doing  the  job  the  ri^t  way  every  day.  If  he  finds  by 
unfortunate  experience  or  from  conversation  with  the  superintendent,  foreman, 
safety  engineer,  or  some  other  workman  that  he  is  doing  some  parts  of  his  job 
unsafely,  if  he  is  of  the  ri^t  type  he  changes  to  the  safe  way  at  once  and 
makes  that  good  habit  take  the  place  of  the  old  bad  habit. 

It  should  not  be  necessary  for  every  man  to  go  throu^  the  dangers 
others  have  experienced  before  him  to  become  a  safe  worker;  if  he  is  to  be  a 
safe  worker  he  must  go  through  these  dangers  mentally,  after  learning  what  has 
happened  to  others  and  may  happen  to  him.  Therefore,  after  this  he  does  hie 
work  with  his  eyes  open  and  senses  alert,  read^-  to  recognize  the  danger  someone 
else  has  pointed  out  to  him  in  advance.  In  that  way  he  will  be  using  his  mind 
and  will  get  the  experience  he  needs  without  getting  hurt  at  the  same  time. 

What  every  man  needs  and  should  try  to  get  of  his  own  accord  is  educa¬ 
tion;  he  should  aim  to  know  all  he  possibly  can  about  what  has  happened  in  his 
own  occupation  in  the  past  and  keep  learning  new  things  about  his  job  from  time 
to  time. 
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From  the  record,, of  what  has  happened  in  the^  past  .we  learn  what  may 
happen  in-  the  .fatiire.  3y  stuClj’-ing  accident  records  and  trying to  find  the  real 
cause  of  accidents  we  will  get  some' value  out  of  them  and  some  educa,tiQn„with- 
out  'going  thron.gh.the  act  ml  danger.  -  We  get  the,,  thou^it  into  dur  minds /that, 
"Here's  something  ;f  or  .which.  I  must  watch  .out."  If  we  let  our  "minds  p.ic|;ur|>^,t|Le 
possibilities  of  injury  "from  the  new  thing  wo  have  heard  we  will  at  times^gel 
it  to  stick  in  . the  back.. of  our  braiiij  where  it  is  ■read.y  to ;  jimip  up  like  a  guard 
whenever  wo  ..encounter  that  particular  danger,  ,  '  ■  "  '  '  ' 


■■T.o-get  reports  on  injuries  cdused  by,  accidents',  ,is  hot  enough every 
injury,  besides  .being  given  inmediate  first-aid  treatment,  should  be  followed 
by  an  accident  report.  .In  addition,  every  man  should  be  encouraged,  to.  make,,, 
reports  on  slips,  falls;  material  falling,  .and  an  endless  number  of  other  things 
which  fortunately  happened  without  injuring  anyone  but  arc -unexpected.  In  that 
way,  an  effective  safety  .department  can  build  up  a  plant  experience  which  can  be 
passed  on  to  the  whole  plant  in  the  foirm  of  e ducat io'i  as  well  as  guards  and 
alterations  in  methods  'of  working  which  will  make  the  chances  of  injury  less 
from  the  accidents -reported,.  -•  ,  y 


Hearly  all .accidents  can  be  avoided  if  people  will  take  the  trouble 
to  think  beforehand.  The  "brain  is  the  best  safeguard  there  is  in  the  world,  if 
'it  is  properly  trained;  If  all  workers  would  take  the  trouble  to  learn  as- much 
as  possible  about  what  they 'do  and  about  their  surroundings  and  keep  on  learning, 
instead  of  one  safety  inspector  in  a  plant  every  man  in  it  would  be  an  assistant 
safety  inspector  and  could  ps.ss  on  his  ideas  to  -the  safety  inspector,  safety 
engineer,  or  superintendent.  Two  heads  and  two  pairs  of  eyes  are  always  better 
than  one,  and  in  a  large  mine  or  indiistrial  plant  a  hund.red  brains  and  a  hundred 
pairs  of  eyes  can  always  have  more- th.oughts- and  see  more  tnings  than  one.  The 
worker  should  not  leave  it  all  .up  to' the  safety  man  or  foreman.  If  some  danger¬ 
ous  practice  is  seen  warning  should  be  passed  along  to  the  gang  and  the  rest  of 
the  plant  through  the  boss.  -Perhaps  this  will  be  the  means  of  keeping  a  child 
happy  because  some  dangerous  condition  has  been  reported  which  would  have  killed 
or  badly  injured  his  "daddy."  . 


One  of  the  worst  results  of  the  accidents  in  our  industrial  plants, 
mines,  and  factories,  is  that  young  mothers  are  compelled  tp  neglect  their  chil¬ 
dren  while  they  work  to  ge-t.  enough  to  feed  them.  To  see  a' young  unmarried  man 
suddenly  struck  down  is  regrettable  in  the  extreme;  he  has  his  loved  ones  too, 
but  he  at  least  has  not  the  responsibility  of  a  family. 

Ho  matter  what  their  race  or  the  degree- of  their  intelligence,  every 
man  and  woman  cares  for.  someone  and  wants  to  keep  that  person  with  them.  This 
Is  trae  of  all  the  bosses  and  officials  of  mines  and  industrial  plants,  as  well 
^3  of  the  workers.  The  big' trouble '\fith  some  of  the  heads  of  factories,  mills, 
and  mines  is  that  they  are  so  busy -trying  to  make  both  ends  meet  that  they  feel 
forced  to  make  safety  work  wait  until  they  have,  the,,, mine  or  plant  on  a  better 
paying  basis.  They  are  just  as  sorry  as  anyone  else  that  John  Smith  gotkilled 
oecause  the  hoist  rope  broke  when  he  wasT'on  the  cage  or  because  some  machine  too 
light  for  the  job  broke  down.  The  trouble  'with  such  managers  is  that  they 
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havf=in*t  yet  realized  it  is  possible  to  r-un  plants  safely  as  well  as  economically 
and  make  more  money  than  they  conoid  by  allowing  -unsafe  conditions  and  methods 
of  working  to  continue;  in  other  7;ords  they  have  not  yet  fo-und  safety  consciems- 
ness.  There  are  far  too  many  managers  who  have  put  little  or  no  time  or  tho-ught 
into  safety  work  and  are  probably  deep  in  a  rut  of  complacency  out  of  which  they 
wi71  not  budge;  they  are  jogging  along  content  to  pa.y  the  compensation  and  in- 
sui'ance  the  State  req-ulres  and  believe  that  having  paid  the  medical  and  com¬ 
pensation  charges  they  have  done  their  full  duty.  They  believe  that  an  acci¬ 
dental  inj-ury  is  an  "act  of  G-od."  It  takes  a  liard  jolt  to  make  many  men  of  this 
type  realize  tliat  they  ouglit  to  be  preventing  men  from  being  killed  and  inj-ured 
instead  of  merely  paying  the  bill  and  that  to  do  a  good  job  of  safety  work  the 
efficient  manager  must  give  freely  of  personal  time  and  effort.  Once  a  manager 
is  aroused  to  the  need  of  expending  personal  effort  as  well  as  instructions  on 
safety  work,  and  experiences  the  happiness  that  comes  with  knowing  that  he  is 
keeping  the .  families  of  his  employees  happy,  the  safety  work  goes  foirward.  In 
some  of  our  larges-b  operations  men  are  not  killed,  and  work  for  years  without 
losing  a  dayts  time  from  inj-ury.  Usp^lly  under  these 'conditions  there  is  an 
appreciable  dollars  and  cents  saving  to  the  plant. 

Six  years  ago  one  of  the  largest  limestone  companies  in  the  world 
wa..  working  complacently  along  having  about  50  comparatively  serious  accidents 
and  some  deaths  every  year.  About  that  time  the  president  of  the  company  was 
aroused  to  his  responsibility  for  the  safety  of  the  men  working  under  him  by  a 

visit  from  the  safety  director  of  one  of  the  factories  to  which  he  sold  lime- 

st'-'ne,  where  they  had  an  enviable  record  for  safe  working.  After  this  meeting 

he  started  the  safety  work  in  his  own  quarry  and  other  operations  connected  with 

the  plant.  A  safety  director  was  appointed,  central  and  departmental  safety 
committee  meetings  were  started,  and  resp.lt s  began  to  be  apparent.  The  output 
increased  every  year,  the  accidents  decreased  every  year,  and  the  lost  time  from 
delays  in  operation  was  decreased.  In  1929  this  company  had  no  lost  time  from 
accidents  in  its  qpurry  and  screening  department,  which  made  up  practicall5'-  all 
of  the  operation.  In  all  operations  there  were  only  two  accidents  in  1929.  Up 
to  September,  1930,  there  was  only  one  in  all  departments  for  the  year.  The 
b:’ggest  factor^ attaining  a  practically  perfect  safety  record  -unquestionably  was 
the  active  aggressive  personal  interest  of  the  president  of  the  company. 

The  head  officials  of  any  company  must  be  sq-oarely  behind  the  safety 
movement  or  it  generally  gets  nowhere.  Next  in  importance  to  the  active  leader- 
sh'p  of  the  president  at  this  limestone  quarry  was  the  alert  interest  of  every 
man  in  the  operation,  obtained  thro-o^  his  freedom  to  express  his  ideas  when 
serving  on  his  departmental  safety  committee  and  the  freedom  of  the  department 
managers  to  express  idoas  in  the  central  safety  committee.  Action  upon  the 
ideas  fo-und  to  be  sound  followed  the  committee  meetings. 

Every  mine  or  plant  sho-uld  have  a  central  safety  committee  headed  by 
th -!  highest  official  and  composed  of  the  heads  of  the  main  divisions  in  the 
plant.  This  committee  sliould  meet  monthly  or  twice  a  month  and  the  "hipest 
official”  sho-uld  by  all  moans  be  present  and  participate  actively  in  all  or 


8S04 


5 


I.  C.  6427 


nearly  all  of  tliese  meetings.  Each  minor  division  should  have  its  own  safety 
committee  which  meets  weelcly  to  go  over  its  ovm  portion  of  the  plant.  On  their 
trip  through  the  plant,  mamhers  of  the  safety  committee.,  should  talk. to  all  or. 
nearly  all  of  the  men  and  get  their  suggestions  for  increasing  safety.  They 
should  also  caution  and  correct  men  who  are  working  unsafely.  They,  should  then 
hold  a  short  meeting,  recording  their  observations  for  the  central  safety 
committee,  Anj’-thing  which  can  he  corrected  immediately  without  waiting  for  the 
indorsement  of  the  central  safety  committee  should  he  handled  without  delay. 

The  central  safety  committee  acts  largely  as  a  cl earing "house  for  ideas  originat¬ 
ing  in  one, department  to  he  passed  on  to  the  others. 

By  periodical  analysis  of  cbnditipns  and  ..a  willingness  to  face  the 
facts  and  to  apply  the  remedy  combined ‘with  "the  willing '.cooperation  of  all  of 
those  in  the  mine  or  plant  from  the  high^s^  officials  to  the  lowliest  worker, 
lives  are  saved  and  families  kept ^happy.  Every  mine  or  industrial  worker  should 
do  his  part  when  called  oh' to  serve  on  a  safety  committee  and  should  also  pass  ? 
on  his  ideas  to  the  committee  when  not  serving  on,  it.’  Every  official  should  do 
his  utmost  to  see  that  all  conditions  in  and  around  the  mine  and  plant  are  as 
nearly  accident  proof  as  feasible  and  should  not  stint  personal  effort  to  bring 
about  this  happy,  and  in  the  end,  paying,  situation.  When  this  spirit  pervades 
the  organization  it  can  be  said  to  have  acquired  safety  consciousness.  If  our 
jungle  fathers  were  able  to  be  safety  conscious,  surely  tlioir  descendants  should 
be  able  to  do  as  well.;  /; '.••• 
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DSPARIONT  OF  COMMERCE  -  BUREAU  OF  MIHES 


THE  PABAMCUITT  ISSUE^/ 

By  W.  D.  Ryan-/ 

The  American  puhlic  has  at  all  -times  been  prone  to  discrass  important 
questions  that  call  for  consideration  and  adjustment.  Debatable  subjects  v.pon 
which  sides  may  be  taken  alweys  receive  -unus-ual  prominence,  but  other  questions 
eq-ually  important  may  be  neglected.  The  real  "paramount  issue,"  calling  for 
r medial  action,  is  the  ever-increasing  number  of  deaths  caused  by  preventable 
accidents. 

This  matter  demands  the  attention  of  the  entire  American  people;  the 
importance  of  accident  prevention  can  not  be  bveremphasised,  and  in  many  phases 
of  American  life,  especially  among  the  mining  and  ailied  industries,  far  too 
little  real  attention  has  been  given  the  importance  of  conserving  life  and  limb 
by  accident  prevention. 

ACCIDENTS  COMPARED  TO  WAR  AS  A  CAUSE  OF  DEATH 

Harry  T-,  Hoffman,  Wyoming  labor  commissioner,  writes  the  following: 

It  is  one  of  the  peculiar  complexes  of  this  rapidly  moving 
age  that  we  all  stand  aghast  at  the  horrors  of  war  and  view  Trith  appar¬ 
ent  indifference  the  greater  havoc  of  industrial  peace.  Did  you  ever 
stop  to  think  that  approximately  twice  as  many  people  were  killed  by 
accidents  in  the  United  States  in  1929,  as  there  were  American  soldiers 
killed  in  the  entire  period  of  the  World  War? 

♦  ♦♦♦♦♦♦♦♦sit 

Every  employer  and  every  worker  should  be  thoroughly  aroused  over 
the  tremendous  toll  levied  against  industrial  forces  by  accidents  which 
are  largely  preventable  and  develop  a  faith  in  safety  efforts  that  will 
fire  them  with  a  zeal  as  pronounced  as  that  of  their  religion  or  their 
patriotism. 

Let  us  remember  safety-first  to  the  end  that  the  workman 
shall  live  to  enjoy  the  fruits  of  his  labor;  that  his  mother  shall 
have  the  comfort  of  his  arm  in  her  age;  that  his  wife  shall  not  be 
untimely  a  TTidow;  that  his  children  shall  have  a  father;  that  crip¬ 
ples  and  helpless  wrecks  who  were  strong  men  shall  no  longer  be  a 
by-product  of  industry. 

ly  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 
folio-wing  footnote  acknowlodgnent  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6428." 

^  U,  S.  Bureau  of  Mines  mine  safety  commissioner,  Kansas  City,  Mo. 
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To  accoEiplish  this  it  is  necessary  that  every  possible 
protection  he  provided  for  those  v:ho  toil,  and  that  every  one 
should  exercise  the  greatest  care.  It  should  he  the  workers* 
constant  ain. 

ACCIDEIiffS  COLIPAlffiD  TO  DISEASE  AS  A  GAUSS' OP  DEATH . 

Accidents  are  sixth  among  causes  of  deaths  in  the  United  States, 
according  to  figi;jres  compiled  hy  the  National  Safety  Council  from  records  of 
the  United  States. Cens'as  Bureau.  Other  principal  death  causes  are  heart  disease, 
tuberculosis,  cancer,  cerebral  hemorrhage,  and  nephritis. 

Among  all  men,  accidents  are  third  as  a  cause  of  death,  being  exceeded 
only  by  heart  disease  and  tuberculosis.  Among  men. from  20  to  45  years  of  age 
accidents  are  the  second  cause '-df'' death,  being'-ekCeeded  only  by  tuberculosis. 

Eor  the  ages  15  to  19  among  men  and  for  5,  to  14  in  both  sexes  acci¬ 
dents  cause  more  deaths  than  any  one  disease.  For  ages  under  5,  accidental 
deaths  are  second  only  to  the  so-called  diseases  of  infancy. 

It  is  only  after  the  ages  of  45  to  55  that  heart  disease,  cancer,  and 
other  diseases  become  important  and  cause  higher  death  rates  than  accidents. 

Of  various  classes  of  accidents,  automobile  accidents  predominate  as  a  cause  of 
death  for.  ages  from  3  to  70. 

'  '  .J  ,  -  ,  . 

PEOPLE  GE13PALLY  HOT  COHSCTOUS  OP  IJIPORTAHCE 
.  OP  ACCIDEI'TT  PRErEHTIQH. 

•  **V  '  .i.  '. 

Accident  prevention’ is  not,  however,  prominent  in  the  public  mind 
becapse  it  does  not  have  the  di^atic  appeal  of  a  purely  political  question. 

We  receive  our  impressions  of  it  from  single  instances  and  isolated  occurrences; 
and  only  the  student  or  the  searcher  for  truth  knows  of.,  its  human  horror  or  its 
economic  importance  as  a  whole.  It  is'  difficult  to  focus  attention  upon  it. 

The  attitude  of  the  average  individual' toward  the  problem, of  accident .prevention  ' 
is  somewhat  similar  to  his  attitude  toward  death;  he  is;, willing  to  admit,  at 
any  time,  if  he  is  pressed  to  do  so,  that,  death  may  b  e  Very  near,  but  he  thinks 
and  acts  alv^ays  as  if  it  were  very  remote.  Thus  any  particular  individual  may 
not  have  suffered  directly  or  indirectly  from  any  particular  accident.  His 
acquaintance  with  the  subject  as  a  whole  may  come  from  reading  an  account  in 
his  daily  paper,  and  he  probahly  views- .'the  matter  in  an  impersonal  li^t .  He 
is  utterly  ■unconscious  of  his 'Owh  nearness  to  it.-  He  probably  does  not  realize 
that  the  cumulative  cost  of  all  the  accidents  happening  in  the  country  every 
year  is  tremendous  and  that  every  individual,  although  he  may  never  have  wit¬ 
nessed  an  accident,  pays  his  share  of  the  overwhelming  .-price. 


C 
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EITOKHTY  OF  Wim  LOSS 

If  a  catastrophe  causing  the  loss  of  one  thousand  lives  happened  on 
Monday  morning  in  any  part  of  the  corutry  the  news  would  he  flashed  hy  telegraph 
and  radio  throughout  the  »vorld.  If  another  such  accident,  involving  essentially 
the  same  loss  of  life,  happened  on  Thursday  of  the  same  week,  the  country  v;ould 
he  shocked.  If  another  happened  the  first  of  the  next  week  and  still  another 
the  latter  part  of  that  week,  public  attention  would  he  centered  upon  the  un¬ 
usual  happenings  and  there  would  he  little  room  in  the  public  press  or  the  public 
mind  for  anything  else.  If  these  disasters  persisted  with  comparative  regularity, 
the  country  would  soon  set  about  doing  something; r public  attention  would  crystal¬ 
lize  into  action,  relief  would  be  organized,  and  effective  measures  of  preven¬ 
tion  would  be  projected. 

In  effect  that  is  essentially  what  is  happening;  the  total .of  all  the 
fatal  accidents  that  happen  every  week  equals  approximately  two  catastrophes 
with  1,000  persons  killed  in  each.  And  this  happens  week  after  week.  There 
were  almost  100,000  fatal  accidents  in  1929,  and  apparently  even  that  gruesome 
record  will  be  exceeded  in  1930. 

The  difficulty  of  reducing  accidents  lies  in  bringing  a  true  conception 
of  the  meaning  of  this  enormous  human  loss  to  every  individual,  With  the  taking 
of  a  human  life,  suddenly  and  without  warning,  there  is  associated  the  idea  of 
horror,  and  usually  in  a  fatal  accident  there  are  gruesome  details  that  add  to 
this  repulsiveness.  Any  person  who  has  witnessed  an  accident  carries  away  an 
impression  of  this  horror.  But  very  few  people  take  the  time  or  trouble  to  ti”’" 
to  form  an  adequate  conception  of  what  this  horror  would  be  when  multiplied  one 
hundred  thousand  times.  It  is  something  that  beggars  description  and  defies 
comparison. 

KIOEIvIITY  OF  ECOITOMIC  LOSS 

So  much  for  the  hume.n  loss.  What  of  the  economic  loss  involved?  Any 
attempt  to  measure  this  loss  will  prove  that  it  is  almost  immeasurable  and  any 
results  that  may  be  obtained  in  the  way  of  figures  are  of  relative  importance 
only,  in  that  they  may  be  used  for  purposes  of  comparison  and  possibly  to  suggest 
what  the  actual  loss  may  be. 

Economists  assert  that  a  definite  value  may  be  assigned  to  each  human 
life,  according  to  its  remaining  earning  capa.city  and  its  ability  to  advance  the 
welfare  of  the  race. 

Statisticians  of  the  Metropolitan  Life  Insurance  Co.  have  prepared 
the  folloTTing  table,  assuming  probable  fut-’ure  earning  of  $2,500.00  per  year: 
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Age 

Life  value 

18 

$28,654 

21 

30,818 

30 

31,038 

40 

25,795 

50 

17 , 510 

60 

8,400 

70 

562 

It  may  "be  contended  that  these  values  are  too  high  to  assign  to  lives 
removed  hy  fatal  accidents.  On  the  other  hand,  it  is  felt  that  the  amount 
ordinarily  used  in  computing  industrial  losses  -  $6,000  -  is  too  low,  especially 
when  consideration  is  given  to  the  record  of  verdicts  hy  juries  that  have  been 
as  hi^  as  $100,000  on  single  lives.  However,  even  if  this  amount,  which  seems 
pitiably  small,  is  used  the  life  values  destroyed  by  accident  every  year  amount 
to  $6,000,000,000. 

Many  of  the  people  killed  by  accident  are  n^t  wage  earners,  but  aged 
people,  married  women,  and  young  children. 

We  may  eliminate  the  first  class  entirely  because  the  actual  number  of 
cases  is  so  small  as  not  to  affect  the  result  materially. 

As  to  married  women,  even  if  we  do  not  attribute  any  economic  value 
to  the  status  of  housekeeper  we  can  not  deny  value  to  the  potentiality  of 
motherhood.  Moreover,  irrespective  of  the  possibility  of  future  earnings  of 
minor  children  there  is  always  the  possibility  of  their  great  future  service 
to  humanity. 

Who,  for  instance,  could  have  foretold  the  contribution  of  Haney  Hanks 
(Mrs.  Thomas  Lincoln)  to  the  welfare  of  the  country?  Who  can  describe  what  the 
condition  of  our  country  to-day  would  be  if  Abraham  Lincoln  had  not  lived  to 
maturity?  What  would  be  our  industrial  status  if  Thomas  A.  Edison  had  been  the 
victim  of  a  fatal  accident  in  his  youth?  Little  is  known  of  the  laws  of 
heredity,  G-enius  may  appear  among  the  rich  and  the  poor  alike  and  leadership 
comes  both  from  the  mansion  and  the  cottage.  But  it  is  self-evident  that  a 
large  number  of  American  women  and  children  can  not  be  destroyed  indiscriminately 
without  suffering  great  loss  of  future  leadership.  In  fact  a  single  young  life 
can  not  be  destroyed  without  destroying  the  possibility  of  another  Lincoln  or 
Edison,  This  is  one  realm  in  which  the  laws  of  average  and  the  rules  of  prob¬ 
ability  fail. 

The  value  of  the  human  asset  generally  is  well  illustrated  by  a  state¬ 
ment  made  by  Charles  M.  Schwab.  When  asked  what  he  would  do  in  case  his  steel 
properties  were  destroyed  by  fire,  he  replied: 

"I  would  not  even  figure  those  as  a  loss  as -t^Iey  eould  all 
^6  replaced  in  time,  but  if  some  catastrophe  should  destroy  at  one 

stroke  the  personnel  of  our  organization,  I  would  consider  myself  a 
ruined  man.” 
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LOSS  mom  noi3TAtal'  accidents' 

Added  to  this  ‘burde'n  of  fatal  accidents  is  that  caused  by  nonfatal 
or  disabling  accidents.  It  is  estimated  that  there  are  10,000,000  such  acci¬ 
dents  in  the  country  every  yeao*  and  that  240,000,000  days  are  lost  as  a  result. 
The  actual  loss  in  wages  may  only  be  estimated,  but  if  the  cost  of  medical 
attention  and  of  other  direct  charges  is  included,  the  estimate  must  reach 
$1,000,000,000.  ; 

Therefore,  there  is  a  yearly  loss  of  about  $7,000,000,000  directly 
attributable  to  accidents.  Is  this  the  entire  story?  By  no  means. 

Assume  that  among  all  the  people  killed  by  accidents  each  year  only 
one  half  are  wage  earaers.  .  Assume  further  that  each  such 'wage  earner  is  sur¬ 
vived  by  two  ■  dependents  and  that  the  period  of  dependency  in  each  ca.se  continues 
for  five  years.  It  will  be  admitted  that  each'one  of  these  three  assumptions 
is  conservative.  That  would  give  at  the  end^of  five  years  500,000  persons  de¬ 
pendent  as  the  result  of  fatal  accidents,  and  if  ejiperience  did  not  improve 
this  total  would  not  decline.  In  addition,  240,000,000  working  days  lost 
through  nonfatal  accidents  means  the  same  as  .an  idleness  of  800,000  persons  for 
300  working  days.  That  gives  in  all  at  least  1,300,000 'people  constantly  de¬ 
pendent  as  the  result  of  accidents.  ITho  supports  these  dependent  people? 

It  makes  little  difference  whether  or  net  some  of  these  people  may 
be  apparently  independent  by  reason  of  insurance  or  other  savings,  and  it  malces 
little  difference  whether  contribution  is  made  to  indigent  persons  by  the  pay¬ 
ment  of  insurance  premiums  or  donations  to  charitable  enterprises;  this  fact 
remains,  that  when  the  producers  who  normally,  according  to  the  usual  expectan¬ 
cies  of  life,  would  support  these  people,  are:  withdraw  by  accident  the  burden 
of  actually  supporting  them  shifts  to  the  producers  who  remain. 

An  attempt  will  not  be  made  to  measure  'what  this ’"cost  of  support" 
may  be,  but  it  will  be  sufficient  to  ca.ll  attention  to  the  cost 'of  $7,000,000,000 
per  year.  What  is  the  significance  of  this  'fi^ore? 

It  is  equal  to  approximately  7  per  cent  of  the  annual  income  of  all 
the  people  of  the  country.  A  saving  of  less  than  50  per  cent  of  this  amount 
each  year  would  pay  all  the  expenses  of  the  national  government  or  would  supply 
the  money  necessary  to  solve  many  of  the  national  relief  problems. 

Is  it  possible  to  prevent  a  considerable  portion  of  this  tremendous 
rnaman  and  economic  loss? 

Experience  gives  an  unmistakable  answer  in  the  affirmative. 
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ACCinSl^S  CAN  BE  PEE7MTED  .  _ 

•  Reference  has  been  made  to  the  ever-increasing  death  list  caused  by 

preventable  accidents.  During  the  past  few  years  there  has  been  an  increase 
when  all  causes  are  included.  *  At  the  same  time  we  find  a  decrease  in  industrial 
accidents,  the  greatest’  increase  coming  from  automobile  traffic. 

It  is  true  tjiat  75  per  cent  of-,all  industrial  accidents  are  preventable* 
This  assertion  is’  corroborated  by  the  following  records  showing  accident  reduc¬ 
tion  on  railroads  of  the  United  States. 


Year  _ Employees  _ Passengers 


Killed 

In.iured 

Killed 

-In.iufed 

1916 

2,513 

49,121 

246-  ■  • 

■  7,152. 

..  1917 

2,781 

52,780  • 

301 

7 , 582 

1918 

2,928 

47,555 

.  471  ^ 

7,316 

1919 

1,759 

36,601 

=  •  273 

.  7,456 

1920  , 

,  .  2,198 

...  47,234  • 

229 

7,591 

1921 

1,137 

...28,747 

205 

5,584 

1922 

1,298 

32,434 

200 

6,153 

1923 

1,645 

39,734 

138::  ■ 

5,847 

1924 

1,246 

32,401 

149 

5,354 

1925 

‘  1,299 

32,484 

■  ..  171  ; 

.  4,952  ■;  ... 

1926 

1,371 

34,202 

152  . 

4,461  ■- 

1927 

"  1,238 

28,157 

88 

3,893 

1928 

1.039 

23.779 

91  ' 

3.463 

This  decrease  has  been  .effected  d’urdng  a  period  when  there-  has  been 
a  very  large  increase  in  traffic,  so  that  the  act-ual  improvement  is  much  greater 
than  the  above  table  indicates, 

•The  National  Cement  Association  has.  reduced  accidents  during,  the  past 
six  years  about  75  per  cent.’  Althou^  exact  figures  are  not  available,  the 
steel  industry  shows  a  material  decrease.  The  coal  industry  suffered  one  fatal¬ 
ity  for  every’ 513,000  tons  produced  during'the  year  1929;  this  in  face  of  the 
fact  that  a  n'umber  of  coal  companies  produced  from'  one  to  seven  million,  tons  with¬ 
out  a  fatality.  There  is  no  question  that  the  coal -mining  industry  lags  to  a 
distressing  extent  in  this  matter  of  prevention  of  accidents ’in  industry. 

It  is  a  proved  fact  that  when  effective  methods  of  accident  prevention 
are  applied  material  results  are  practically  certain  of  achievement. 

^en  we  consider  automobile  accidents'  from  which  the  recent  increase 
in  total  has  come,  we  find  this  truth  again  demonstrated.  Most  automobile  acci¬ 
dents  are  caused  by  private  pleasure  seekers  as  well  as  by  employed  drivers. 

The  person  who  can  be  reached  by  education,  supervision,  and  discipline  causes 
relatively  few  accidents;  the  person  who  is  not  made  conscious  of  responsibility 
at  the  steering  wheel  causes  many. 
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In  this  connection  attention  is  directed  to  the  two  outstanding  organi¬ 
zations  in  the  United  Stc-tes  centering  their  efforts  on  safety  and  accident  pre¬ 
vention.  These  organizations  are  the  National  Safeby  Council  and  the  United 
States  Bureau  of  'lines;  the  former  covering  all  industries,  including  automobile 
traffic  and  the  latter,  mining  and  kindred  industries. 

People  generally  must  he  taught  the  significance  of  this  problem  of 
accident  prevention.  Too  much  publicity  can  not  be  given  to  make  people  con¬ 
scious  of  the  tremendous  burdens  assumed  because  of  accidents,  nor  can  too  much 
instruction  be  given  in  the  ways  by  which  accidents  can  be  prevented. 

SUl'JIUAEy 

The  importance  of  accident  prevention  may  be  shown  by  comparing  acci¬ 
dents  with  war  and  disease  as  a  cause  of  death  and  disability  and  by  considera¬ 
tion  of  the  human  and  economic  loss  involved.  That  prevention  is  possible  is 
proved  by  results  obtained  wherever  effective  measures  are  undertaken.  Why  can 
not  the  gains  made  in  certain  industries  be  extended  to  all  industries  and  to 
the  public  generally? 

Accident  prevention  overshadows  all  other  issues  that  are  brought  to 
public  view  from  time  to  time.  Especially  is  this  true  when  there  is  considered 
the  human  wasteage,  the  intense  sorrow,  and  the  suffering  incident  to  this  trail 
of  misery,  to  say  nothing  of  the  enormous  economic  loss  that  accrues  to  the 
nation  in  all  these  varied  aspects. 

The  fatal  and  nonfatal  accident  records  of  our  country  are  overshadow¬ 
ing,  and  are  appalling  in  consequences  to  the  American  people;  these  records 
should  prompt  the  employers  and  workers  alike  to  redouble  their  efforts  to  enlist 
the  Eederal  and  all  State  governments  to  grapple  with  this  national  problem  in 
some  tangible  and  effective  way;  it  should  be  done  in  such  manner  that  public 
opinion  may  oe  aroused  with  the  result  that  safety  consciousness  will  be  instilled 
into  the  minds  of  every  one  in  such  a  way  as  to  be  impelling  and  convincing. 

An  intensified  movement  of  this  kind  would  impress  upon  individuals 
in  all  walks  of  life  the  obligation  of  doing  their  utmost  to  eliminate  this  out¬ 
standing  and  unnecessary  sacrifice  of  human  life,  as  well  as  the  economic  conse¬ 
quences  resulting  therefrom. 

Unquestionably  if  accidents  are  to  be  reduced  to  the  lowest  possible 
minimum,  the  spirit  of  " chance, which  permeates  the  American  people,  must  be 
eradicated.  As  statistics  will  show,  much  of  our  large  toll  of  fatal  and  non¬ 
fatal  accidents  results  from  taking  chances. 

If  the  Eederal  and  State  governments  undertake  to  handle  this  problem, 
as  they  should,  with  the  help  of  enli^tened  public  opinion,  a  long  stride  for 
human  and  economic  progress  will  have  been  taken;  and  the  reward  will  be  bounti¬ 
ful,  for  the  people  of  the  nation  will  be  greatly  enriched  by  the  human  and 
economic  results  accruing  from  this  endeavor,  in  making  accident  prevention  the 
"paramount  issue." 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


METHOD  AND  COST  OF  RECOVERING  QUICKSILVER  FROM  LOW-GRADE  ORE  AT  THE  REDUCTION  PLANT 
OF  THE  SULPHUR  BANK  SYNDICATE,  CLEARLAKE,  CALIF.  ^ 

By  Worthen  Bradley^ 

INTRODUCTION 

This  paper  describing  the  metallurgical  practice  and  costs  at  the  reduction  plant 
cf  the  Sulphur  Bank  Syndicate,  Clearlake,  Calif.,  is  one  of  a  series  of  papers  on  the  treat¬ 
ment  of  ores  being  prepared  by  the  Bureau  of  Mines. 

The  reduction  plant  and  mine  of  the  Sulphur  Bank  Syndicate  are  on  the  eastern  shore 
cf  Clear  Lake,  in  Lake  County,  Calif.,  4  miles  from  the  town  of  Clearlake  and  125  miles  north 
of  San  Francisco. 

About  30  men  are  employed  at  the  mine  and  reduction  plant.  The  average  daily  pro¬ 
duction  of  quicksilver  for  the  year  1929  was  4.19  flasks,  each  flask  containing  76  pounds, 
1  ounce.  The  quicksilver  is  delivered  by  autcmcbile  truck,  railroad,  and  boat  to  San  Fran¬ 
cisco  for  marketing. 

The  ore  occurs  as  a  surface  deposit,  covering  about  100  acres  to  an  average  depth 
of  5  feet.  Mining  is  done  by  the  open-cut  method  with  two  1  cubic  yard  shovels  each  operated 
by  a  75-hp.  Diesel  engine.  The  ore  is  loaded  by  the  shovels  into  automobile  trucks,  each 
truck  having  a  capacity  of  8  cubic  yards.  The  trucks  haul  the  ore  about  one-fourth  of  a  mile 
to  a  bin  at  the  lower  terminal  of  an  inclined  tramway  to  the  plant.  The  ore  is  dumped  di¬ 
rectly  into  the  bin  through  an  inclined  grizzly  with  S-inch  openings;  the  grizzly  is  made  of 
70-pound  rails.  The  oversize  boulders  slide  over  the  grizzly  onto  a  waste  pile  which  is  re¬ 
moved  from  time  to  time  by  the  power  shovels  and  trucks.  From  this  bin  the  ore  is  loaded 
into  2-ton  capacity  skips  and  hoisted  to  the  bin  at  the  upper  end  of  the  plant. 

The  plant  site  is  on  the  side  of  a  hill  about  1,000  feet  from  the  shore  of  Clear 
Lake  and  150  feet  above  it.  The  lake  is  1,350  feet  above  sea  level. 

The  capacity  of  the  screening  and  sorting  plant  is  300  tons  per  day;  the  capacity 
of  the  furnace  plant  is  43  tons  per  day. 

Water  for  the  reduction  plant  is  pumped  from  the  lake  to  a  height  of  300  feet  by 
a  two-stage  centrifugal  pump  direct  connected  to  a  50-hp.,  1.800-r.p.m.  motor.  The  pipe 
line  is  6  inches  in  diameter  and  discharges  into  two  steel  storage  tanks  each  26  feet  in 


1  -  The  Bureau  of  Ulnes  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 

"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6423." 

2  -  One  cf  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  manager.  Sulphur  Bank  Syndicate. 
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diameter  and  16  feet  high  and  having  a  combined  capacity  of  127,000  gallons.  About  75,000 
gallons  of  water  per  day  are  required  for  use  in  the  reduction  plant. 

Power  is  purchased  from  the  Pacific  Gas  and  Electric  Co.  It  is  transmitted  to  the 
plant  at  11,000  volts  and  stepped  down  to  440  volts  for  all  mine  and  plant  motors. 
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ORE  TREATED 

The  ore  deposit  consists  of  grains  of  cinnabar  finely  disseminated  throughout  a 
gangue  composed  principally  of  altered  basalt  with  subordinate  amounts  of  elemental  sulphur 
and  opal.  The  altered  basalt  is  soft  and  porous  and  averages  about  30  per  cent  moisture. 
Large  bowlders  of  partly  altered  basalt  which  are  barren  of  value  occur  in  the  deposit.  The 
distribution  of  the  cinnabar  through  the  basalt  is  not  uniform.  Samples  taken  over  the  en¬ 
tire  area  covered  by  the  ore  deposit  range  from  a  trace  to  10  pounds  of  quicksilver  per  ton, 
the  average  being  about  0.1  per  cent  or  2  pounds  per  ton.  Only  that  material  which,  after 
passing  through  a  screen  with  1-inch  holes,  will  assay  6  pounds  of  mercury  per  ton  or  better 
is  considered  furnace  ore.  The  cinnabar  occurs  mostly  in  the  fines,  as  is  shown  by  the  fol¬ 
lowing  screen  analysis  of  low-grade  ore: 


Screen  analysis  of  low-grade  ore 


1 

1  Assay, 

Screen  size 

[weight. 

[pounds  mercury 

[per  cent 

[  per  ton 

On  2-inch,  square  mesh  . . 

1  30.5 

[  1.75 

Through  2-inch  on  3/4-inch,  square  mesh  .. 

1  44.5 

1  2.20 

Through  3/4-inch  on  1/4-inch,  square  mesh 

1  11.8 

1  4.25 

Through  1/4-inch,  square  mesh  . 

1  13.2 

I  11.50 

Composite  . 

1  100.0 

[  3.53 

The  free  sulphur  content  in  the  ore  varies  from  1  to  15  per  cent  with  an  average 
of  about  2  per  cent.  The  ore  is  highly  acid,  and  the  action  of  the  acid  on  the  gangue  re¬ 
sults  in  a  large  amount  of  slime. 

BRIEF  HISTORY  OF  FURNACE  OPERATIONS 

The  Sulphur  Bank  ore  deposit  was  originally  worked  for  sulphur  as  far  back  as  the 
sixties,  but  difficulty  was  encountered  in  refining  the  product  due  to  the  presence  of  cinna¬ 
bar.  The  deposit  was  first  mined  for  the  recovery  of  quicksilver  from  1873  to  1883.  Subse¬ 
quent  periods  of  operation  were  1887  to  1897;  1899  to  1905;  1917  to  1918;  and  1927  to  the 
present  time.  Up  to  1927,  when  the  Sulphur  Bank  Syndicate  acquired  control  of  the  property, 
the  mine  was  credited  with  a  quicksilver  production  of  92,400  flasks.  In  spite  of  the  large 
production,  considerable  difficulty  was  experienced  in  furnace  practice.  The  high  free- 
sulphur  content  of  the  ore  proved  a  barrier  to  complete  separation  of  the  quicksilver,  as 
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part  of  the  sulphur  and  mercury  would  recombine  in  the  condensers,  forming  synthetic  cinnabar 
which  had  to  be  retorted.  Attempts  at  concentration  by  tables  met  with  difficulty  when  it 
came  to  retorting  the  concentrates,  because  the  elemental  sulphur  present  formed  an  iron 
sulphide  with  the  iron  of  the  retorts. 

PRESENT  METHOD  OF  RECOVERY 

The  present  method  of  recovery  consists  of  the  following  operations: 

1.  Screening  and  sorting  the  low-grade  ore  to  obtain  a  furnace  feed  containing  8 
to  10  pounds  of  quicksilver  per  ton. 

2.  Treatment  of  the  ore  in  a  rotary  kiln. 

3.  Precipitating  most  of  the  dust  carried  from  the  furnace  in  the  gas  stream. 

4.  Condensing  mercury  from  the  gas  stream  as  (a)  high-grade  mud  and  (b)  low-grade 
mud  concentrates. 

5.  Flotation  treatment  of  low-grade  condenser  mud  to  obtain  high-grade  concen¬ 
trates  . 

6.  Drying  and  retorting  of  high-grade  condenser  mud  and  high-grade  flotation  con¬ 
centrates,  making  a  finished  product. 

Screening  and  Sorting 

Figure  1  gives  the  flow  sheet  of  the  screening  and  sorting  plant  and  Table  1  gives 
details  of  equipment. 

Of  the  300  tons  of  run-of-mine  ore  fed  per  day,  to  the  screening  and  sorting  plant 
about  60  per  cent  is  rejected  as  waste;  of  the  remaining  40  per. cent,  or  120  tons,  43  tons 
per  'day  is  treated  in  the  kiln  and  the  balance  of  77  tons  per  day  stored  in  a  stockpile. 
When  the  stockpile  reserve  has  been  built  up  to  about  5,000  tons,  the  screening  and  sorting 
plant  is  closed  down  and  the  ore  for  the  furnace  is  drawn  from  the  stockpile  until  the  accu¬ 
mulated  supply  is  almost  exhausted. 

From  the  plant  bin  which  has  a  capacity  of  40  tons,  the  low-grade  ore  is  fed  to  a 
trommel  by  an  Allis-Chalmers  apron  feeder  3  feet  wide  on  7-foot  centers,  chain-driven  by  a 
4-1/2-hp.  motor,  connected  to  a  variable-speed.  Link-Belt  reduction  unit.  A  swinging  gate 
is  installed  above  the  discharge  end  of  the  feeder  to  prevent  the  large  bowlders  from  hitting 
the  trommel  with  too  much  of  an  impact.  The  trommel  is  8  feet  long  and  42  inches  in  diameter 
and  is  made  of  3/4-inch  iron  plate  with  1-inch  diameter  punched  holes.  It  is  placed  on  a 
slope  of  5°  and  is  belt-driven  by  a  15-hp.  motor. 

The  oversize  product  of  the  trommel  passes  onto  an  inclined  6-ply,  rubber-surfaced 
picking  belt,  36-inches  wide,  with  1/4-inch  top  cover  and  1/32-inch  bottom  cover.  The  belt 
is  40  feet  long,  center  to  center,  and  is  driven  at  a  speed  of  40  feet  per  minute  by  a  5— hp. 
motor.  A  series  of  water  sprays  wash  the  remaining  fines  from  the  coarse  material  and  a 
sorter  picks  out  the  pieces  of  ore.  About  20  tons  of  ore  per  month  is  sorted  by  hand  from 
the  picking  belt.  The  reject  from  the  picking  belt  goes  to  a  stacking  belt  which  carries 
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it  to  the  waste  dump. 

The  sorted  ore  from  the  picking  belt  is  dropped  into  a  25-ton  bin,  and  when  this 
bin  is  full  the  ore  is  run  through  a  20  by  10  inch  Blake-type  crusher  and  crushed  to  minus 
2  inches.  The  crushed  product  is  conveyed  by  a  travelling  belt  to  the  conveyer  belt  carrying 
the  minus  1-inch  undersize  product  of  the  trommel  to  the  stockpile  or  furnace. 

The  fines  washed  from  the  picking  belt  are  conveyed  by  launder  to  a  Deister-Over- 
strom  concentrating  table.  A  shaking  screen  with  1/4-inch  square  holes  removes  wood  from 
the  fines  before  concentrating.  The  table  produces  concentrates  containing  about  1,000 
pounds  of  quicksilver  per  ton.  About  90  pounds  of  quicksilver  is  recovered  by  the  table 
per  month,  the  table  operating  daily,  while  the  screening  and  sorting  plant  is  in  operation. 
The  tailings  from  the  table,  which  contain  about  6  pounds  of  quicksilver  per  ton,  are  con¬ 
veyed  by  launder  to  one  of  two  storage  ponds.  When  one  storage  pond  is  full,  the  table  tail¬ 
ings  are  turned  into  another  and  the  first  pond  is  allowed  to  dry  out.  The  tailings  are 
eventually  shoveled  out  of  the  pond  into  trucks  and  hauled  to  the  stockpile. 

The  cinnabar  concentrates,  after  drying,  are  retorted  to  recover  the  quicksilver. 
Retorting  gives  a  higher  recovery  of  quicksilver  than  furnace  treatment,  and  it  is  for  this 
reason  that  the  fines  washed  from  the  picking  belt  are  concentrated  to  recover  part  of  the 
values  for  retort  treatment  before  the  material  is  sent  to  the  storage  ponds  and  thence  to 
furnace  treatment. 


Furnace  Treatment  and  Condensing  Plant 

Figure  2  gives  a  flow  sheet  of  furnace  treatment,  dust  precipitation,  and  condens¬ 
ing  plant  treatment.  Table  1  gives  the  details  of  equipment  used. 

Furnace  Treatment 

When  the  screening  and  sorting  plant  is  in  operation  the  ore  is  conveyed  by  a 
travelling  belt  to  the  stockpile  and  thence  by  dragline,  conveyor,  and  elevator  to  the  fur¬ 
nace  ore  bin,  which  is  of  wood-stave  construction  and  has  a  oapacity  of  50  tons. 

From  the  furnace  bin  the  ore  is  fed  uniformly,  at  the  rate  of  about  1.8  dry  tons 
per  hour,  onto  a  traveling  belt  by  a  30-inch  Challenge  feeder,  and  is  discharged  by  the  belt 
into  the  kiln.  An  electrical  device,  shown  in  Figure  3A,  stops  the  belt  and  feeder  if  the 
ore  is  not  being  fed  uniformly  to  the  kiln.  This  device  consists  of  two  electrically  con¬ 
nected  contact  straps  which  are  suspended  in  the  ore  stream  discharged  by  the  feeder.  The 
ore  stream  keeps  the  straps  separated  So  that  the  electric  circuit  is  open.  If  the  ore 
stream  is  interrupted  the  straps  come  together,  closing  the  electric  circuit  and  starting 
a  motor  connected  to  a  speedometer;  at  the  same  time  an  electric  horn  is  sounded,  which  noti¬ 
fies  the  attendant,  who  may  be  elsewhere  employed,  that  something  is  wrong  with  the  ore  feed. 
The  speedometer,  which  is  driven  by  a  1/32-hp.  motor,  registers  the  motor  speed  in  miles  per 
minute.  The  number  of  miles  shown  by  the  speedometer  multiplied  by  the  factor  0.54  gives 
the  time  in  minutes  that  the  belt  was  not  running. 

The  speedometer  and  horn  are  also  operated  by  closing  the  clutch  switch  or  opening 
either  the  conveyor  magnetic  switch  or  contacts  in  the  kiln  feed  hopper,  as  shown  in  Figure 
33.  When  the  magnetic  switch  is  opened,  an  extra  arm  clamped  to  its  switch  point  axle  makes 
contact  with  another  point  in  the  110-volt  speedometer  and  horn  circuit. 
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Figure  I.-  Screening  and  sorting  plant  flow  sheet 
of  equipment  given  in  Table  I 
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Figure  2.-  Reduction  and  co/idensing  plant  flow  sheet.  Numbers  refer  to 
details  of  equipment  given  in  Table  I 
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The  contacts  in  the  kiln  feed  hopper  are  opened  when  the  throat  of  the  hopper  is 
plugged,  the  ore  building  up  against  a  movable  hinged  arm  (see  fig.  3C).  Opening  these  con¬ 
tacts  opens  the  magnetic  switch,  via  the  "stop"  side  of  the  push  button  station.  A  switch 
was  cut  into  the  horn  circuit  so  that  its  operation  could  be  avoided  during  shut-downs. 

A  sample  of  the  ore  is  taken  automatically  at  5-minute  intervals,  as  the  ore  drops 
from  the  conveyor  belt  into  the  furnace.  The  samples  thus  taken  are  combined  into  a  com¬ 
posite  sample  for  each  shift. 

In  feeding  the  ore  into  the  furnace,  back-spilling  is  prevented- by  a  set  of  six 
helical  blades,  2  feet  long,  arranged  around  the  inside  of  the  kiln  at  the  feed  end.  These 
blades  help  in  carrying  the  ore  away  from  the  head  of  the  kiln. 

The  rotary  kiln,  as  first  built  and  installed  by  the  Pacific  Car  and  Equipment  Co., 
was  40  feet  long  and  had  an  outside  diameter  of  5  feet  and  an  inside  diameter  of  3  feet  10 
inches.  A  20-foot  section  was  added  later,  making  the  kiln  60  feet  in  length.  It  was 
thought  that  by  adding  20  feet  to  the  length  of  the  kiln  the  daily  tonnage  treated  would  be 
increased.  Although  the  additional  length  failed  to  increase  the  capacity  it  proved  more 
efficient  in  burning  the  sulphur  out  of  the  ore.  The  kiln  has  a  slope  of  1/2-inch  per  foot 
and  is  gear  driven  by  a  7-1/2-hp,,  900-r.p.m.  motor. 

The  kiln  lining  consists  of  2-1/2  inches  of  Diatex  brick  next  to  the  shell  and 
4-1/2  inches  of  monolithic  lining  made  of  crushed  fire  brick  and  Lumnite  cement  in  the  pro¬ 
portion  of  3  to  1,  respectively.  The  materials  required  for  lining  the  kiln  are  as  follows: 


Diatex  bricks,  size  2-1/2  by  4-1/2  by  9-inches, 

number  of  bricks . 4,500 

Black  building  paper,  square  feet . 1,000 

Lumber,  size  1  by  6  inch  by  10  foot,  number  of  pieces .  100 

Tacks,  pounds .  ^8 

Raw  fire  clay,  cubic  feet .  20 

Portland  cement,  sacks .  25 

Powdered  infusorial  earth,  cubic  feet .  20 

Lumnite  cement,  barrels .  35 

Crushed  fire  brick,  cubic  yards .  15 


The  Diatex  brick  are  chamferred  on  one  side  to  fit  the  kiln  shell.  The  mix  of  the 
mortar  for  the  Diatex  brick  consists  of  30  per  cent  by  weight  of  raw  fire  clay,  40  per  cent 
Portland  cement,  and  30  per  cent  of  powdered  infusorial  earth.  The  mix  for  the  fire  brick 
concrete  is  1  part  by  volume  of  Lumnite  cement  and  3  parts  by  volume  of  fire  brick,  crushed 
to  minus  1-inch  size  with  the  coarse  and  fines  taken  together.  The  mix  is  used  dry  as  pos¬ 
sible  and  the  concrete  is  well  tamped  behind  movable  wood  forms.  Building  paper  is  used  be¬ 
tween  the  brick  and  the  monolithic  lining  to  prevent  the  brick  from  absorbing  the  moisture 
from  the  concrete.  The  forms  are  removed  at  the  end  of  the  first  eight  hours,  and  the  con¬ 
crete  is  sprinkled  for  four  hours  after  that,  so  that  it  will  not  lose  its  moisture  too 
rapidly. 

The  time  required  for  lining  the  kiln  is  as  follows: 
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Hours 


Allowing  kiln  to  cool .  24 

Lining  kiln .  48 

Setting .  36 

Burning  wood  in  kiln  to  bring  temperature  up  to  200°C .  8 

Burning  oil  in  kiln  to  bring  temperature  up  to  625°C. 

(feeding  small  amount  of  ore) .  8 

Total  time  required  to  line  kiln  and  bring  into  opera¬ 
tion .  124 


The  number  of  man-hours  required  for  lining  the  kiln  and  bringing  it  into  operation 

is  632. 


The  life  of  the  lining  is  about  two  years. 

As  a  means  of  securing  complete  oxidation  of  the  free  sulphur  in  the  ore,  the  feed¬ 
ing  of  the  ore  and  the  firing  of  the  kiln  are  done  at  the  same  end  of  the  kiln  as  contrasted 
with  the  standard  practice  of  countercurrent  movement  of  ore  and  furnace  gases,  in  which  the 
kiln  is  fed  and  fired  at  opposite  ends.  By  employing  parallel  firing  and  feeding  at  the 
proper  temperature  and  with  sufficient  oxygen  in  the  kiln,  no  unburned  sulphur  vapor  is 
carried  into  the  gas  stream,  consequently  there  is  no  tendency  for  the  sulphur  to  recombine 
with  the  quicksilver  in  the  condensing  system.  It  was  hoped  that  the  sulphur  content  of  the 
ore  would  average  10  per  cent  and  thus  render  the  fuel  requirement  low.  In  calorific  value, 
50  pounds  of  sulphur  is  equal  to  1  gallon  of  oil.  However,  the  average  sulphur  content  of 
the  ore  has  been  about  2  per  cent. 

The  fuel  oil,  which  is  filtered,  is  preheated  to  95®C.  by  a  U-shaped  section  of 
the  pipe  line  extending  about  8  feet  into  the  furnace.  The  oil  is  atomized  by  a  pressure  of 
75  pounds  per  square  inch  and  is  fed  into  the  furnace  through  a  Ryder  burner,  shown  in  Figure 
4.  The  oil  pressure  pump  and  the  fan  for  supplying  the  low-pressure  air  for  shaping  the 
flame  are  driven  by  a  3-hp.  motor. 

The  temperature  of  the  gases  leaving  the  furnace  averages  about  625®C.  The  temper¬ 
atures  of  the  oil  and  of  the  furnace  gases  are  recorded  every  hour  by  means  of  a  recording 
pyrometer  manufactured  by  the  Wilson-Maeulen  Co.,  Inc.  A  recording  meter,  made  by  the 
National  Meter  Co.,  registers  the  oil  consumption.  The  furnace  draft  is  recorded  and  aver¬ 
ages  about  0.18  inch  of  water. 

Figure  5  shows  a  plan  and  Figure  6  a  side  elevation  of  the  furnace  plant,  including 
the  dust-collecting  and  flume-condensing  equipment. 

Dust  Precipitation 

The  dust-precipitating  equipment,  as  first  installed,  consisted  of  a  large  steel 
dust  chamber  containing  checker  brickwork  lining  at  the  end  of  the  kiln,  a  set  of  8-inch 
diameter  cooling  pipes  placed  horizontally  in  parallel,  and  a  Cottrell  precipitator  or  so- 
called  "hot  treater."  This  equipment  was  necessarily  elaborate  as  it  was  known  that  the 
rotary  kiln  makes  large  quantities  of  dust  and  that  the  Sulphur  Bank  ore  contained  a  large 
amount  of  fines.  After  the  plant  was  put  into  operation  the  amount  of  dust  exceeded  the 
estimated  amount,  and  for  that  reason  this  section  of  the  plant  has  undergone  a  number  of 
changes.  The  amount  of  dust  caught  by  the  Cottrell  precipitator  was  less  than  50  per  cent 
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of  the  total  dust  reaching  it  and  the  remainder  caused  a  dust  problem  in  the  condensing  sys¬ 
tem.  The  checker  brickwork  in  the  steel  dust  chamber  and  the  horizontal  cooling  pipes  choked 
up  with  dust  so  as  to  cause  a  loss  of  draft. 

The  dust-precipitating  equipment,  as  it  is  now  operating,  consists  of  the  steel 
dust  chamber  operating  with  a  chain  curtain  instead  of  the  former  checker  brickwcrk;  12  cy¬ 
clone  dust  precipitators,  in  two  sets  of  6  each,  the  sets  operating  in  parallel  and  replacing 
the  cooling  pipes  formerly  used;  and  the  Cottrell  precipitator.  The  12  cyclones,  each  24 
inches  in  diameter,  are  so  arranged  that  they  can  be  placed  partly  in  series.  As  the  dust 
precipitating  system  is  operated  at  present,  a  cooling  of  the  gas  stream  takes  place  in  the 
cyclones  equal  to  that  formerly  afforded  by  the  cooling  pipes,  the  draft  loss  is  reduced  to 
a  minimum,  and  most  of  the  dust  is  precipitated.  The  amount  of  dust  carried  into  the  con¬ 
densing  system  amounts  to  about  1  ton  per  day. 

The  temperature  of  the  gases  as  they  leave  the  cyclones  averages  about  235°C.  The 
temperature  is  taken  at  the  V-shaped  flue  connecting  the  cyclones  with  the  Cottrell  pre¬ 
cipitator  and  is  recorded  ©very  hour  by  an  attendant. 

Condensing 

The  condensing  system  as  first  installed  in  1927,  consisted  of  a  brick  spray  tower, 
a  wood  condensing  chamber  with  internal  water  coils,  a  Cottrell  precipitator  or  so-called 
"cold  treater,"  two  circular  wood-stave  tahks  placed  horizontally,  a  steel  exhaust  fan  en¬ 
closed  in  a  wooden  chamber,  and  a  wood-stave  stack  48  inches  in  diameter  and  40  feet  high. 
After  this  plant  was  in  operation  a  short  time,  stack  tests  were  made  to  determine  the  amount 
of  quicksilver  being  lost  in  the  gases  expelled  from  the  stack,  and  it  was  found  that  this 
loss  amounted  to  100  pounds  of  quicksilver  per  day.  Additional  units,  consisting  of  four 
large  circular  tanks,  were  added  to  the  condensing  system  as  soon  as  possible.  Subsequent 
stack  tests  made  after  the  additional  units  were  installed  have  shown  the  stack  loss  to  be 
less  than  10  pounds  of  quicksilver  per  day. 

Each  of  the  six  wooden  condensing  tanks  has  a  wooden  partition  which  allows  the 
gases  to  circulate  through  both  halves  of  the  tank.  The  bottom  of  each  tank  is  inclined 
three-fourths  inch  per  foot.  By-pass  arrangements  are  provided  for  each  pair  of  tanks  so 
that  the  monthly  clean-up  can  be  made  without  closing  down  the  entire  plant.  During  the  warm 
weather  the  vertical  wood  tanks  are  kept  wet  on  the  outside.  The  water  is  piped  to  the  drum 
head  at  the  top  of  each  tank,  from  where  it  overflows  and  runs  down  the  sides. 

The  spray  tower  is  equipped  with  a  water-sealed  outlet  at  the  bottom  through  which 
the  low-grade  mud  is  drawn  off  continuously  and  carried  by  a  launder  to  settling  tanks  for 
flotation  treatment.  The  average  flow  of  spray  tower  and  condenser  water  is  20,000  gallons 
per  day. 


The  water-coil  condenser  unit,  shown  in  Figure  7,  contains  360  Corrosiron  pipes, 
each  5  feet  in  length  and  having  an  outside  diameter  of  2-1/2  inches. 

A  partial  analysis  of  the  Corrosiron  pipe  after  on©  year's  use  was  as  follows: 


Metallic  mercury . 

. Trace 

Combined  mercury . 

. 1, 

CD 

O 

per  cent 

Sulphur . 

. 17, 

.46 

do . 

Iron . 

23, 

,60 

do. 

Insoluble  . 

. 41, 

,20 

do. 
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The  average  life  of  the  Corrosiron  pipe  is  about  two  years.  An  idea  of  the  acidity 
of  the  gas  stream  can  be  gathered  from  the  following  test,  recently  made.  A  piece  of  common 
steel,  suspended  in  one  of  the  flues  for  five  days,  lost  0.116  per  cent  of  its  weight  per  day 
due  to  corrosion. 

A  steel  fan  was  originally  used  for  exhausting  the  gases,  but  its  blades  gave  way 
and  had  to  be  replaced  in  nine  months  because  of  corrosion.  The  fan  in  present  use  is  100 
inches  in  outside  diameter  and  is  made  of  Monel  metal.  It  is  direct-connected  to  a  25-hp. 
motor  and  operates  at  500  r.p.m.,  exhausting  the  gases  from  the  system  at  a  water-gage  press¬ 
ure  of  4-1/2  inches. 


The  volume  of  gases  passing  through  the  stack  is  about  6,500  cubic  feet  per  minute. 
The  mercury  content  in  the  gases  is  approximately  0.445  milligrams  per  cubic  foot. 


The  draft  at  the  inlet  of  the  water  coil  condenser  is  1.5  inches  of  water. 


Flotation 


.  .n'-sei  3-  IS.  0.'  3.1-'  ;.o 


The  treatment  of  the  low-grade  mud  from  the  condensing  system,  as  first  designed 
in  1927,  was  simple  but  proved  to  be  inefficient.  jA  series  of  launders, _bo?{es,  and  riffles, 
_together  with  a  jSettling  tank  were  usedj.^D  catchy  the  lo^T-grade  mud^.  ^^The  ^aYerflpw  ^.f^om  the 
settling  tank  was  collected  in  a  pond,  and  afte;:^settling  and  drying  the  mud  , was  r^tur^ed  to 
the  kiln  with  most  of  the  mud  caught  in  the  launders,  boxes,  riffles,  and  settling  tank. 
The  mud  collected  was  much  greater  in  amount  than  anticipated  and  was  of  low  mercury  content. 
Treatment  of  the  mud  by  drying  and  retorting  was  tried,  but  the  amount  greatly  exceeded  the 
capacity  of  the  three  D-retorts. 

The  problem  of  concentrating  the  mud  to  retort  grade  was  satisfactorily  solved  by 
the  installation  of  two  additional  settling  tanks,  a  tank  with  agitating  equipment  and  a 
two-cell  Kraut  flotation  machine  with  auxiliary  filtering  apparatus. 

In  the  present  flotation  flow  sheet,  shown  in  Figure  8,  the  low-grade  mud  from  the 
condensing  system  flows  by  launder  to  either  of  two  wooden  settling  tanks,  each  16  feet  in 
diameter  and  5  feet  high.  The  overflow  from  the  tanks  is  conveyed  by  a  launder  to  a  third 
settling  tank.  The  overflow  from  this  third  settling  tank  is  sent  to  waste.  A  sample  of  the 
waste  overflow  is  taken  automatically  every  two  minutes.  Daily  composite  weights  and  assays 
of  the  solids  in  the  overflow  product  show  a  quicksilver  loss  of  less  than  5  pounds  per  day. 

The  mud  from  the  three  settling  tanks  is  collected  into  the  sumps  from  where  it  is 
pumped  by  2-inch  Wilfley  pumps  to  a  tank  equipped  with  a  Devereux  agitating  machine,  rotating 
at  a  speed  of  25  r.p.m.  From  the  agitator  the  pulp  goes  to  the  two-cell  Kraut  flotation 
machine  in  which  the  cells  arranged  in  series.  The  pulp  is  circulated  through  the  flotation 
cells  about  five  times.  When  panning  of  the  froth  shows  little  mineral  of  value,  the  tail¬ 
ings  are  sent  to  waste. 

The  flotation  heads  average  about  74  pounds  of  quicksilver  per  ton;  the  concen¬ 
trates  about  600  pounds  per  ton;  and  the  final  tailings  about  2  pounds  per  ton.  Pulp  density 
is  approximately  20  per  cent  of  solids  by  weight.  , 

1  •  t  ...  il.r  CW 

The  flotation  reagents  and  amounts  used  per  ton  of  original  ore  treated  are  as 


follows: 
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Figure  8.-  Flotation  flow  sheet.  Numbers  refer  to  details  of  equipment 
given  in  Table  | 
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Pounds  per  ton 


Sodium  aerofloat . 0.0543 

Pine  oil . 0.3093 

Barrett  No.  4 . 0.0186 


The  flotation  concentrates  go  to  two  drum  filters  made  from  50-gallon  oil  drums 
and  arranged  in  series.  Filtering  medium  consists  of  12-ounce  duck  placed  over  a  screen  with 
1/4-inch  holes.  The  screen  in  turn  is  placed  over  iron  rods.  The  canvas  filter  cloths  are 
changed  every  three  days.  The  vacuum  for  dewatering  the  concentrates  is  supplied  by  an 
Oliver  vacuum  pump,  belt  driven  by  a  5— hp.  motor.  The  vacuum  is  maintained  at  25  inches  of 
mercury. 


Drying  and  Retorting 

The  dewatered  flotation  concentrates  are  dried  in  electrically  heated  drying  pans 
(fig.  9).  The  concentrates  are  mixed  with  quicklime  and  sprinkled  with  water;  the  heat  gen¬ 
erated  by  the  slacking  of  the  lime  aids  the  drying  operation,  and  the  lime  added  is  also 
needed  as  a  flux  in  the  retorting  of  the  dried  concentrates  product.  The  time  required  to 
dry  a  charge  of  about  325  pounds  is  eight  hours. 

After  drying,  the  concentrates  are  retorted  in  three  standard  D-retorts.  A  working 
drawing  of  such  a  retort  can  be  found  on  page  144  of  Duschak  and  Schuette's  "Metallurgy  of 
Quicksilver,"  Bureau  of  Mines  Bulletin  222.  A  retort  charge  weighs  about  300  pounds  and 
is  left  in  the  retort  for  a  period  of  24  hours.  Retort  residues  mixed  with  water  are  used  to 
seal  the  retort  doors.  Each  retort  is  equipped  with  a  Ray  oil  burner  which  has  independent 
air  and  oil  control.  The  oondenser  pipe  leading  from  each  retort  is  water-jacketed  as  shown 
in  Figure  10.  At  the  front  of  each  retort,  over  the  door,  is  a  hood  through  which  the  retort 
gases  can  be  drawn  by  means  of  a  suction  fan  when  the  door  is  opened. 

A  cell  for  cleaning  the  quicksilver  is  shown  in  Figure  llA.  The  cell  contains 
water,  into  which  the  quicksilver  is  poured.  The  quicksilver  is  cleaned  by  passing  through 
the  water,  and  is  drawn  from  the  cell  through  a  1/2-inch  pipe  nipple,  welded  close  to  the 
bottom  of  the  cell.  This  nipple  leads  into  a  jointed  pipe  line  with  a  series  of  bends;  the 
pipe  can  be  turned  up  or  down  to  various  levels,  thus  controlling  the  flow  of  the  quick¬ 
silver.  The  pipe  discharges  into  the  weighing  bucket  which,  when  containing  the  correct 
amount  of  quicksilver  is  emptied  into  a  flask.  A  device  for  holding  the  flasks  while  tight¬ 
ening  the  stoppers  is  shown  in  Figure  IIB. 

SAMPLING,  ASSAYING,  AND  CONTROL  OF  OPERATIONS 

In  furnace  treatment  and  subsequent  operations  the  following  products  are  sampled 
and  assayed  for  mercury  daily:  Kiln  feed,  kiln  calcine  or  residue,  cyclone  dust,  low-grade 
mud,  retort  residue,  flotation  heads,  concentrates,  and  tailings. 

Mechanical  samplers  are  used  for  the  kiln  feed,  low-grade  mud  and  flotation  tail¬ 
ings.  The  stream  of  the  first-named  product  is  cut  every  five  minutes  by  the  sampler  and  the 
stream  of  the  other  two  products  every  three  minutes.  The  retort  residue  product  is  sampled 
by  hand  once  each  day  and  the  remaining  samples  are  taken  by  hand  every  hour. 

In  addition  to  the  sample  of  kiln  feed  taken  for  assay  purposes,  two  other  kiln 
feed  samples  are  taken,  one  of  which  is  used  for  the  computation  of  kiln  feed  tonnage  and 
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the  other  for  the  determination  of  moisture  content.  The  sample  for  tonnage  computation  is 
taken  at  the  Challenge  feeder  which  discharges  onto  the  kiln  feed  conveyor.  The  kiln-feed 
ore  stream  is  cut  and  collected  for  10  seconds  once  every  hour.  Each  sample  is  weighed,  and 
the  weights  are  averaged  for  the  day.  Kiln-feed  tonnage  is  computed  from  the  average  sample 
weight.  At  the  time  of  taking  the  sample  for  tonnage  computation,  another  grab  sample  is 
taken  and  put  into  a  Jar  for  determination  of  moisture  content. 

The  amount  of  low-grade  mud  which  is  lost  each  day  in  the  waste  water  is  deter¬ 
mined  by  timing  the  filling  of  a  5-gallon  container  once  per  hour  and  determining  the  solids 
in  the  water.  The  determination  of  solids  is  made  by  filtration  of  3,065  cubic  centimeters 
of  the  waste  water  taken  from  the  sample  obtained  from  the  automatic  sampler.  The  solids 
are  weighed  and  the  loss  of  low-grade  mud  is  computed  for  the  day. 

The  method  of  assaying  in  use  at  the  Sulphur  Bank  plant  was  developed  by  the  Bureau 
of  Mines  and  is  described  in  their  Technical  Paper  227.  ^  Briefly,  it  is  known  as  the  "glas.s- 
tube  method,"  and  consists  in  separating  the  quicksilver  by  distillation  in  a  closed  tube, 
dissolving  it  in  nitric  acid,  and  titrating  with  potassium  thiocyanate. 

The  sulphur  is  determined  by  the  standard  barium  chloride  method. 

Once  every  four  months  a  "stack  test"  is  made  to  determine  the  daily  amount  of 
quicksilver  expelled  into  the  atmosphere.  The  apparatus  used  for  this  test  can  be  set  up 
at  the  Slack  proper,  but  for  convenience  is  usually  installed  at  the  flue  between  condensing 
tank  No.  4  and  the  horizontal  tanks.  This  apparatus  described  in  the  order  of  flow  consists 
of  the  following  parts:  A  sampling  tube  inserted  into  the  flue,  a  water-jacket  condenser, 
a  filter  tube  containing  glass  wool,  a  filter  flask,  a  gas  meter  with  draft  gage  and  ther¬ 
mometer  connected,  and  a  jet.  The  mercury  and  water  in  the  gas  condense  and  drop  into  the 
condenser.  The  quicksilver  is  caught  by  the  glass  wool  and  the  water  goes  into  the  flask. 
Calculations  according  to  the  following  formula  are  made  from  the  data  secured  by  the  above 
apparatus  and  readings  from  a  thermometer  and  draft  gage  connected  to  the  flue. 

Total  volume  of 
gas  leaving 

Milligrams  of  mercury  flue,  cubic 

Quicksilver  lost  per  24  hours,  pounds  =  _ in  sample  x _ feet  per  minute  x  5.17 _ 

Volume  of  gas  metered  for  sample,  cubic  feet  x  1,000 

The  factor  3.17  is  the  product  of  the  factors  0.0022,  which  changes  grams  to 
pounds,  and  1,440,  the  number  of  minutes  in  24  hours. 

The  assayer  fills  out  a  "daily  sheet"  which  gives  the  wet  weight  of  ore  in  tons, 
the  per  cent  of  moisture,  the  dry  weight  of  ore  in  tons,  fuel  oil  consumed  in  gallons  per 
wet  ton  of  ore  and  time  lost  in  minutes.  Figures  for  these  items  are  given  for  each  shift 
and  are  also  totaled  and  averaged  for  the  day.  This  sheet  also  gives  weights  and  assays  of 
kiln  feed,  low-grade  mud,  and  flotation  tailings;  assays  only  of  kiln  residue,  cyclone  dust, 
flotation  heads,  and  concentrates  products;  and  the  amount  of  quicksilver  produced  by  pipe- 
coil  condenser,  retorts,  and  clean-ups.  Retort  production  of  mercury  is  itemized  as  follows; 
Condenser  mud,  flotation  concentrates,  and  table  concentrates. 


3  -  Bouton,  C.M.,  and  Duschak,  L.H.,  The  Determination  of  Mercury;  Tech.  Paper  227,  Bureau  of  Mines,  1920,  44  pp. 
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For  this  daily  sheet  the  assayef~secures  part  of  the  information  from  the  "daily 
kiln  report,"  which  is  made  out  by  the  furnace-plant  operators.  A  section  of  a  typical 
daily  kiln  report  would  appear  as  follows; 

Section  of  daily  kiln  report 


I  Drafts,  1  Color 

Temperature.  °C. _ [  inches  of  water  | _ 


Hour 

|V  flue 
KilnjNo.  2 

Condenser 

1 

Stack  1  Oil 

1  111  Kiln 

Kiln  1  Condenser  1  Total | Mud  1  residue 

In  Out 

7  a .  m . 

625  235 

70  41 

17  95 

0.18  1.50  2.40  Gray  Gray 

The  operators  fill  in  the  above  items  hourly,  and  in  addition  give  reasons  for  any 
shut-downs  which  might  occur.  The  fuel-oil  meter  reading  is  put  on  this  sheet  once  each 
shift . 


It  can  be  seen  that  the  filling  in  of  the  daily  kiln  report  requires  the  reading  of 
a  number  of  instruments,  and  the  plant  is  well  equipped  in  this  respect.  The  kiln  and  oil 
temperatures  are  obtained  from  an  indicating  pyrometer,  as  previously  described,  with  the 
Pyod  thermocouples  inserted  in  the  dust  chamber  and  in  the  intake  of  the  oil  preheating  coil. 
The  other  temperatures  are  read  from  full  immersion  chemical  thermometers.  The  kiln  draft 
is  indicated  by  a  differential  draft  gage,  with  the  tube  inserted  in  V  flue  No.  1.  The  other 
drafts  are  read  from  standard  U  gages.  The  oil  consumption  is  read  from  the  previously  de¬ 
scribed  oil  meter  calibrated  for  27°  fuel  oil. 

The  items  "mud  color"  and  "residue  color"  are  filled  in  from  visual  observation, 
and  are  simply  put  down  as  a  check  on  the  instrument  readings.  When  the  color  is  gray,  or 
any  light  color,  conditions  are  satisfactory  and  little  quicksilver  is  escaping. 

Table  1. — Details  of  equipment 

Note:  The  following  numbers  correspond  to  those  given  in  the  flow  sheet  diagrams 
of  Figures  1.  2,  and  8. 

1.  Inclined-bottom  wooden  bin,  capacity  40  tons  of  wet  ore,  slope  45°. 

2.  Allis  Chalmers  apron  feeder,  3  feet  wide  on  7-foot  centers,  chain-driven  by 
4-1/2-hp.,  variable-speed  motor  connected  to  link  belt  reduction  unit. 

3.  Trommel,  8  feet  long  and  42  inches  in  diameter,  slope  5°,  made  of  3/4-inch 
iron  plate  with  1-inch  punched  holes,  belt-driven  at  speed  of  18  r.p.m.  by  15-hp.  motor. 

4.  Picking  belt  inclined  15°,  36  inches  wide,  6-ply,  32-ounce  duck,  rubber  sur¬ 
faced,  1/4-inch  top  cover,  1/32-inch  bottom  cover,  on  4C-foot  centers,  speed  40  feet  per 
minute,  belt-driven  by  5-hp.  motor. 

5.  Stacking  belt  inclined  20°,  30  inches  wide,  6-ply,  32-ounce  duck,  rubber  sur¬ 
faced,  1/4-inch  top  cover,  1/32-inch  bottom  cover,  on  150-foot  centers,  speed  150  feet  per 
minute.  Water  spray  on  under  side  of  belt  at  discharge  end  to  wash  off  adhering  fines. 
Belt-driven  by  5-hp.  motor, 

6.  Inclined-bottom  wood  bin  with  rack  and  pinion  gate,  25  wet  tons  capacity; 
slope,  40°. 
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Table  1. — Details  of  equipment  (Continued) 


r 


7.  Allis  Chalmers  20  by  10  inch  Blake-type  crusher  with  manganese  steel  wearing 
plates.  Belt-driven  by  20-hp.  motor. 

8.  Belt  conveyor,  18  inches  wide,  4-ply,  28-ounce  duck,  rubber  surfaced,  1/8-inch 
top  cover,  1/32-inch  bottom  cover,  on  37- foot  centers,  speed  180  feet  per  minute.  Belt- 
driven  by  a  3-hp.  motor. 

9.  Box  launder  made  of  1-inch  boards,  4  by  6  inches  in  cross  section,  slope  7/8- 
inch  per  foot. 

10.  Shaker  screen,  1/4-inch  holes,  belt-driven  by  3-hp.  motor. 

11.  Deister-Overstrom  conoentrating  table,  6-1/2  by  14-1/2  feet,  belt-driven  by 
5-hp.  motor. 

12.  Wood  launder  made  of  1-inoh  boards,  V  shaped,  12  by  12  inches  in  cross  section 

13.  Electric  drying  pans,  4.5  by  4.5  feet,  sloping  in  two  directions,  nichrome 

heating  elements.  ' 

14.  Conveyor  belt,  18  inches  wide,  4-ply,  28-ounce  duck,  rubber  surfaced,  1/8- 
inch  top  cover,  1/32-inch  bottom  cover,  on  340-foot  centers,  speed  180  feet  per  minute,  belt- 
driven  by  3-hp.  motor. 

15.  Cross  conveyor  belt,  18  inches  wide,  4-ply,  28-ounce  duck,  rubber  surfaced, 

1/8-inch  top  cover,  1/32-inch  bottom  cover,  on  38-foot  centers,  speed  180  feet  per  minute, 
belt-driven  by  3-hp.  motor.  .  .  . 

16.  Stockpile  capacity  about  5,000  dry  tons. 

17.  Conveyor  belt,  18  inches  wide,  4-ply,  28-ounce  duck,  rubber  surfaced,  1/8-inch 

top  cover,  1/32-inch  bottom  cover,  on  48-foot  centers,  speed  180  feet  per  minute,  belt-driven 
by  3-hp.  motor.  ’ 

18.  Bucket  elevator,  47  feet  long  between  centers,  speed  190  feet  per  minute, 
chain-driven  by  7-1/2  hp.  motor.  Buckets,  15  inches  long  and  7  inohes  wide,  spaced  on  18- 
inch  centers. 


ore . 


19.  Kiln  ore  bin,  flat  bottom,  wood-stave  construction,  capacity  50  tons  of  wet 


20.  Challenge  feeder,  30  inches  in  diameter,  chain-driven  by  3-hp.  motor. 

.  21.  Conveyor  belt,  18  inches  wide,  4-ply,  28-ounce  duck,  rubber  surfaced,  1/8-inch 
top  cover,  1/32-inch  bottom  cover,  on  65-foot  oenters,  speed  108  feet  per  minute,  belt- 
driven  by  3-hp.  motor. 

< 

22.  Kiln  60  feet  long,  5  feet  outside  diameter,  3  feet  10  inches  inside  diameter, 
slope  1/2-inch  per  foot,  gear-driven  by  7-1/2  hp.  motor.  Lined  with  2-1/2  inches  of  Diatex 
brick  and  4-1/2  inches  monolithic  fire  brick  concrete.  Equipped  with  Ryder  burner. 
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Table  1. — Details  of  equipment  (Continued) 

23.  Launder,  V  shape,  made  of  1-inch  boards  12  inches  wide.  Slope  of  launder,  6 
inches  per  each  16  feet.  Calcine  discharges  into  water  flowing  in  the  launder. 

24.  Steel  dust  chamber,  12  feet  long,  10  feet  high,  8  feet  wide,  equipped  with 
chain  curtain.  Discharge  from  dust  chamber  through  V-shaped  flue  made  of  steel  pipe  30 
inches  in  diameter. 

25.  Cyclone  dust  precipitators,  12  in  number,  grouped  in  two  sets  of  six  each, 
the  groups  arranged  in  parallel. 

26.  Hot  treater,  ever  all  dimensions,  25  feet  high  and  14  by  5  feet  in  cross 

section . 

27.  Spray  tower,  height  26  feet,  7  by  6  feet  in  cross  section.  Water  for  sprays 
pumped  by  2-3/4  by  4-inch  Fairbanks  Morse  duplex  plunger  pump,  belt-driven  by  10-hp.  motor. 

28.  Pipe  coil  condenser,  height  33  feet,  4  by  4-1/2  feet  in  section,  contains  360 
Corresiron  pipes,  each  5  feet  in  length  and  2-1/2  inches  outside  diameter. 


29.  Circular  wood-stave  tanks,  2  in  number,  one  30  feet  high,  5  feet  in  diameter, 
and  the  other  30  feet  high  and  16  feet  in  diameter. 

30.  Cold  treater,  16  feet  high,  6  by  10  feet  in  section. 

31.  Circular  wood-stave  tanks,  2  in  number,  one  30  feet  high  and  20  feet  in 
diameter,  and  the  other  30  feet  high  and  16  feet  in  diameter, 


32.  Circular  wood-stave  tanks  placed  horizontally,  each  16  feet  long  and  8  feet 
in  diameter. 

33.  Exhaust  fan,  enclosed  in  wooden  chamber  100  inches  in  outside  diameter.  Fan 
is  of  Monel  metal. 


34. 

35. 

36. 

37. 

38. 

39. 

40. 


Stack,  4  feet  in  diameter,  and  40  feet  high,  made  of  wood  staves. 
Wood-stave  tanks,  2  in  number,  each  16  feet  in  diameter  and  5  feet  high. 
Settling  tank,  20  feet  in  diameter  and  5  feet  high. 

Concrete  sump. 

Wood  launder  made  of  1-inch  boards,  12  by  12  inches  in  cross  section. 
Wilfley  pump,  2-inch  centrifugal,  direct-connected  to  5-hp.  motor. 

Same  as  item  39. 


41.  Agitator  tank,  10  feet  in  diameter  and  10  feet  high.  Devereux  agitating 
mechanism  driven  at  25  r.p.m.  by  5-hp,  motor.  Belt  and  pinion  drive. 


42.  Two  Kraut  flotation  cells  driven  by  5-hp.  motor  with  texrope  drive. 
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Table  1. — Details  of  equipment  (Continued) 

43.  Launder  made  of  1-inch  boards,  cross  section  of  launder  6  by  8  inches. 

44.  Drum  filters  made  out  of  50-gallon  oil  barrels,  canvas  filter  cloth  laid  on 
screen  with  1/4-inch  holes,  which  in  turn  is  placed  on  iron  rods.  Vacuum  25  inches  of  mer¬ 
cury  maintained  by  Oliver  vacuum  pump,  belt-driven  by  5-hp.  motor. 

45.  Same  as  13. 

46.  Standard  D-retorts,  3  in  number,  with  water-jacketed  condensing  pipe;  size  of 
retort  fire  box  2  by  2  feet  in  cross  section  and  9  feet  long;  retort  size  1  by  1-1/2  by  8 
feet  long.  Each  retort  equipped  with  Ray  oil  burner. 

47.  Iron  flasks,  each  holding  76  pounds  1  ounce  of  quicksilver. 

Table  2  gives  metallurgical  data  sheet  and  Table  3  the  metallurgical  balance  sheet 
for  the  month  of  April,  1930. 

Table  4  gives  the  wage  scale  at  the  plant;  table  5  gives  a  summary  of  plant  costs, 
and  Table  6  presents  plant  costs  in  units  of  labor,  power,  and  supplies. 

Table  2. — Metallurgical  data  for  month  of  April.  1930 


Dry  ore  treated,  tons . 1,290 

Quicksilver  produced,  pounds . . . 9,118.2 

Average  quicksilver  content  per  ton  of  ore,  pounds . 8.32 

Recovery  of  quicksilver,  per  cent . 84.95 

Oil  used  per  dry  ton  of  ore,  gallons . 22.8 

Moisture  in  ore  sent  to  mill,  per  cent . 30 

Temperature  of  kiln,  °C . 625 

Temperature  in  flue  discharging  from  cyclones,  °C . 235 

Temperature  at  pipe  coil  condenser  inlet,  °C . 70 

Temperature  at  pipe  coil  condenser  outlet,  “C . 41 

Temperature  at  stack,  ®C . 17 

Draft  at  kiln,  inches  of  water . . . 0.18 

Draft  at  pipe  coil  condenser  inlet,  inches  of  water . 1.50 

Draft  at  end  of  condensing  systems,  inches  of  water .  2.40 
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Table  3. — Metallurgical  balance  sheet  for  the  month  of  April.  1930 


Screening  and  sorting  plant: 

Low-grade  ore  mined* . 

Waste  rejected . 

Ore  sorted  and  screened . 

Ore  stored  in  stock  pile . 

Ore  sent  to  furnace . 

Furnace  plant  losses  of  quicksilver: 

Kiln  residues,  tonnage  estimated  to  be  95  per  cent 

of  feed . 

Cyclone  dust,  tonnage  estimated . 

Flotation  tailings . 

Low-grade  mud . 

Retort  residues,  tonnage  estimated . 

Stack  losses,  estimated . 

Unaccounted  for . 

Total  loss  of  mercury . 

Furnace  plant  production  of  mercury: 

From  condenser . 

From  retorting  of  mud . 

From  retorting  of  table  concentrates . 

From  retorting  flotation  concentrates . 

From  monthly  clean-up . 

Total  production  for  month . 

Distribution  of  monthly  clean-up  mercury: 

Horizontal  tanks . 

Tanks  3  and  4 . 

Cold  treater . 

Tanks  1  and  2 . . 

Spray  tower  and  condenser . 

Agitator . 

Total . 


Weight, 1  Assay, 

dry  1  pounds 

tons  1  quicksilver 

1  oer  ton 

1  Weight  of 

1  quicksilver, 

1  pounds 

i 

9,000  1 

4.50 

1  40,500 

5,400  1 

1.50 

1  8,100 

3,600  1 

9.00 

1  32,400 

2,310  1 

9.38 

1  21,667 

1,290  1 

1 

8.32 

1  10,733 

1 

1,225.0| 

0.40 

1  490.0 

45.  o| 

2.50 

1  113.0 

40. 0| 

2.00 

1  80.0 

2.l| 

21.43 

1  45.0 

18. 0] 

0.40 

1  7.0 

1 

- 

1  300.0 

1 

- 

1  579.8 

1 

- 

1  1,614.8 

1 

— 

1  5,107.2 

1 

- 

1  1,731.0 

-  1 

- 

1  91.2 

1 

- 

1  1,094.4 

1 

- 

1  1,094.4 

1 

- 

1  9,118.2 

1 

— 

1  87.5 

-  1 

- 

1  54.7 

-  1 

- 

1  207.9 

1 

- 

1  404.9 

-  1 

- 

1  186.1 

|. 

- 

1  153.3 

1 

- 

1  1,094.4 

1  -  Wet  weight  of  ore,  12,857  tons.  Assay  content  of  wet  ore  3.15  pounds  quicksilver  per 
ton. 
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Table  4. — Wage  scale 


Per  8-hour 
shift 


Screening  and  sorting  operations: 

Grizzly  man,  skip  loader,  and  plant  helpers . 

Hoistman  and  plant  operator . 

Furnace,  flotation,  retort,  condenser,  and  miscellaneous  operations: 

Plant  operators . 

Plant  helpers  and  general  labor . 

Retort  and  drag-line  operator . 

Carpenter . 

Blacksmith  and  electrician . 

Assaying: 

Assayer  . 


$4.50 
5;  50 

5.50 

4.50 
5.00 
6.00 

6.50 

5.00 


Table  5. — Summary  of  costs  per  ton  of  ore  treated  for  April.  1950 
Tons  of  dry  ore  treated:  1,290.  Pounds  of  quicksilver  produced:  9,118.2. 


Labor 

Power 

Oil 

Reagents 

Other 

supplies 

Total 

Screening  and  sorting^ 

$0,594 

$0,135 

- 

- 

$0,106 

$0,835 

Furnace  treatment . 

.  138 

.018 

$1,368 

- 

.185 

1.709 

Flotation . 

.246 

.029 

$0,044 

.068 

.387 

Retorting . 

.031 

.016 

.073 

.029 

.028 

.  .177 

Assaying . 

.078 

o 

o 

00 

- 

.021 

.107 

Condensing . 

.315 

.034 

- 

.185 

.534 

Miscellaneous . 

.116 

^174 

— 

.069 

.359 

Total . 

$1,518 

$0,414 

$1,441 

$0,073 

$0,662 

$4,108 

1  -  Includes  crushing  of  the  ore  sorted  on  picking  belt. 

2  -  Includes  water  pumping,  exhausting  furnace  gases,  and  conveying. 
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Table  6. — Summary  of  costs  in  units  of  labor,  power,  and  supplies  for  April.  1950 
Tons  of  dry  ore  treated:  1,290.  Pounds  of  quicksilver  produced:  9,118.2 


Labor,  man-hours  per  ton:  | 

Screening  and  sorting . |  0.950 

Furnace  treatment . |  .210 

Flotation . |  .373 

Retorting . |  .047 

Condensing . ]  .477 

Assaying . |  .125 

Miscellaneous . [  ,  176 

Total . 1  2.358 

I 

Tons  per  man  per  8-hour  shift . |  3.393 

I 

Power,  kw.  h.  per  ton:  | 

Screening  and  sorting . 1 10.80 

Furnace  treatment . |  1.44 

Flotation . |  2.32 

Retorting . |  1.28 

Assaying . |  0.64 

Condensing . |  2.72 

Miscellaneous . 1 13 . 92 

Total .  33.12 


Supplies: 

Oil  consumption,  gallons  per  ton  of  dry  ore: 


Furnace  treatment . |22.8 

Retorting . |  1.2 _ 

Total . |24.0 

i 

Reagents,  pounds  per  ton  of  ore:  | 

Sodium  aerofloat . |  0.0543 

Pine  oil . |  0.3093 

Barrett  No.  4 . |  0.0186 

Lime . |  1.954 

I 

Labor,  percentage  of  total  cost . [36.9 

Power  and  supplies,  percentage  of  total  cost . 163.1 
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MILLING  METHODS  AND  COSTS  AT  THE  CONCENTRATOR 
OF  THE  TREADWELL  YUKON  CO.,  LTD.,  AT  TYBO,  NEV.  ^ 

By  W.  H.  Blackburn^ 

INTRODUCTION 

This  paper  describing  the  milling  practice  at  the  Tybo  concentrator  is  one  of  a 
series  of  similar  papers  being  prepared  by  the  United  States  Bureau  of  Mines  on  milling 
methods  and  costs  at  the  various  mills  in  the  United  States. 
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LOCATION 

The  Tybo  mine  and  concentrator  are  situated  in  Nye  County,  Nev.,  70  miles  northeast 
of  Tonopah,  which  is  the  nearest  railroad  station  and  general  supply  center.  The  district 
is  accessible  by  automobile  stage  either  from  Tonopah  or  Ely  over  an  improved  gravel  highway 
connecting  the  two  towns.  The  climate  is  semiarid,  and  opera'tions  are  conducted  the  year 
around  without  difficulty.  The  elevation  at  the  oollar  of  the  shaft  is  6,820  feet  above 
sea  level. 


GENERAL 

The  concentrator  is  built  on  a  hillside  adjacent  to  the  main  hoisting  shaft  of  the 
mine  and  was  designed  and  constructed  for  an  all-flotation  flow  sheet.  Two  classes  of  con¬ 
centrates  are  produced;  lead  concentrates  which  average  90.43  ounces  of  silver  per  ton, 
62.75  per  cent  of  lead,  and  3.50  per  cent  of  zinc;  and  zinc  concentrates  which  average  13.65 
ounces  of  silver  per  ton,  2.71  per  cent  of  lead,  and  46.57  per  cent  of  zinc.  The  lead  con¬ 
centrates  are  shipped  to  the  American  Smelting  and  Refining  Co.  's  reduotion  plant  at  Selby, 
Calif.,  and  the  zino  concentrates  to  the  Sullivan  electrolytic  zinc  plant  at  Kellogg,  Idaho. 

All  supplies  for  the  mine  and  mill  are  hauled  from  Tonopah  in  10-ton  capacity 
Fageol  trucks,  each  equipped  with  a  trailer.  The  company  maintains  a  rail  siding,  warehouse, 
and  loading  facilities  at  Tonopah,  from  which  place  the  concentrates  are  shipped.  The  com¬ 
bined  capacity  of  a  truck  and  trailer  is  about  20  tons  of  conoentrates .  A  round  trip  be¬ 
tween  Tybo  and  Tonopah  requires  about  13  hours. 


1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 

"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6430." 

2  -  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  manager.  Nevada  Hines,  Treadwell  Yukon  Co.,  Ltd., 

Tybo,  Nev. 
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The  mill  water  is  obtained  from  the  mine,  and  as  the  supply  is  more  than  sufficient 
to  meet  the  concentrator  requirements,  mill  water  is  not  reclaimed.  The  domestic  water 
supply  is  obtained  from  a  small  creek  above  the  camp. 

Power  is  purchased  from  the  Nevada-California  Power  Co.  The  Treadwell  Yukon  Co. 
constructed  a  branch  line  from  Manhattan  to  Tybo,  a  distance  of  40  miles,  at  a  cost  of  about 
$1,000  per  mile.  Power  is  transmitted  to  Tybo  at  55,000  volts,  and  is  stepped  down  to  440 
volts  for  mine  and  mill  use. 


ORE  TREATED 

The  ores  treated  are  complex  in  character,  containing  lead,  zinc,  iron,  silver,  and 
gold.  The  Tybo  mine  from  which  all  the  ores  for  the  concentrator  are  derived,  has  been 
opened  to  a  depth  of  976  feet  by  a  vertical  three-compartment  shaft.  The  principal  vein  has 
an  average  width  of  5  feet,  a  maximum  width  of  30  feet,  and  an  average  dip  of  76°.  Mining 
is  done  by  the  shrinkage-stope  method  without  artificial  support,  except  in  a  few  places 
where  stulls  are  necessary  to  support  a  weak  hanging  wall,  and  by  the  stope-and-fill  method 
where  walls  are  soft. 

A  chemical  analysis  of  a  composite  sample  of  the  ores  between  the  710  and  400 
foot  levels  of  the  mine  follows. 

Chemical  analysis  of  composite  sample  of  ore 

between  the  710  and  400  foot  levels 


Per  cent 

Ounces  oer  ton 

Silica 

32.05 

— 

Iron 

15.08 

- 

Alumina 

11.48 

- 

Calcium  oxide 

7.73 

- 

Magnesium  oxide 

1.62 

- 

Phosphorous 

0.24 

- 

Sulphur 

16.56 

- 

Lead 

7.38 

- 

Zinc 

5.56 

- 

Copper 

0.02 

■  - 

Nickel 

Trace 

- 

Cobalt 

None 

- 

Vanadium 

None 

- 

Manganese 

0.26 

- 

Barium  sulphate 

None 

- 

Arsenic 

0.59 

- 

Antimony 

0.13 

- 

Cadmium 

0.06 

- 

Gold 

- 

0.02 

Silver 

- 

10.81 

Although  most  of  the  silver  content  in  Tybo  ore  is  associated  with  the  galena,  the 
sphalerite  and  pyrite  are  both  argentiferous,  the  relative  content  in  the  last  two  minerals 
being  greater  in  the  upper-level  ores  than  in  the  lower-level  ores.  Typical  assays  of  pure 
minerals  give  the  following  results: 
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Ounces  per  ton 


Galena .  110.0  to  130.0 

Sphalerite  (upper  levels) .  12.0  to  20.0 

Sphalerite  (lower  levels)  7.0  to  10.0 

Pyrite  (upper  levels) .  8.0  to  11.0 

Pyrite  (lower  levels) .  3.0  to  6.0 


Figure  1  shows  a  vertical  section  of  the  Tybo  vein  and  gives  the  approximate  de¬ 
grees  of  oxidation  in  the  ore  body  and  the  varying  amounts  of  lead  and  silver  associated 
with  the  pyrite  and  sphalerite  in  the  different  horizons. 

Some  oxidation  of  the  ore  is  observed  on  the  710-foot  level  of  the  mine  and  this 
oxidation  gradually  increases  towards  the  surface.  Above  the  400-foot  level  the  ores  have 
undergone  considerable  oxidation.  While  practically  all  of  the  completely  oxidized  ores 
were  extracted  in  former  mining  operations  confined  to  the  area  above  the  400-foot  level, 
large  bodies  of  partly  oxidized  ores  were  left.  These  partly  oxidized  ores  have  comprised  a 
considerable  proportion  of  the  concentrator  feed  up  to  the  present  time.  The  average  of 
seven  typical  determinations  on  ores  above  the  400- foot  level  is  as  follows; 


Per  cent 


Lead  in  sulphide  form .  4.4 

Lead  in  oxidized  form .  3 . 3 

Total  lead .  7.7 


An  excessive  amount  of  primary  slimes,  associated  mainly  with  the  partly  oxidized 
ores  from  the  upper  levels  of  the  mine,  has  caused  considerable  difficulty  in  concentrator 
treatment.  These  slimes  are  colloidal  in  character  and  if  present  in  the  mill  feed  above  a 
critical  amount  have  a  tendency  to  upset  completely  the  equilibrium  of  flotation  operations 
and  to  cause  lower-grade  concentrates  and  lower  recoveries.  A  large  amount  of  slime  in  the 
flotation  circuit  produces  excessive  frothing,  and  when  this  takes  place  slime  can  not  be 
prevented  from  floating  with  the  concentrates,  thus  lowering  the  grade  of  both  lead  and  zinc 
concentrates  from  5  to  10  per  cent  in  lead  and  zinc  respectively.  To  overcome  this  diffi¬ 
culty  the  ores  from  the  different  levels  of  the  mine  are  mixed  as  much  as  is  practicable. 


The  relative  distribution  of  metals  in  the  coarse  and  fine  sizes  of  mine  ore  is 
illustrated  by  the  following  analyses  of  products  obtained  by  screening  a  sample  of  ore 
taken  at  the  shaft  bin  through  a  200-mesh  sieve.  The  minus  200-mesh  material  amounted  to 
10.4  per  cent  of  the  total  weight. 


Analyses  of  ore  samples  taken  at  shaft  bin  and  screened  through  a  200-mesh  sieve 


1 

Weight,  1 

Silver, 

1  Lead,  | 

Zinc,  1 

Iron, 

Iper  centlounces  per 

toniper  centi 

per  cent| 

per  cent 

Plus  200-mesh 

1  89.6  1 

11.2 

1  7.1  1 

5.0  1 

13.1 

Minus  200-mesh 

I--  10-4  i 

13.0 

1  15.2  1 

5.9  1 

7.7 

sphalerite  so 

far  treated 

is  high 

in  chemically 

combined 

iron,  pi 

containing  from  50  to  55  per  cent  of  zinc,  and  10  to  15  per  cent  of  iron,  the  iron  replacing 
the  zinc  isomorphously  in  accordance  with  the  formula  (ZnFe)S.  (Zinc  sulphide  containing 
10  per  cent  or  more  iron  is  usually  classified  as  "marmatite" ) . 
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BRIEF  HISTORY  OF  CONCENTRATOR  OPERATIONS 

Ore  was  first  discovered  in  the  Tybo  district  in  1869.  In  1872  the  Tybo  Consoli¬ 
dated  Mines  Co.  erected  a  lead  smelter,  operating  two  furnaoes  with  a  combined  capacity  of 
80  tons  per  day.  Locally  burned  charcoal  was  used  as  fuel.  In  1879  the  smelter  olosed 
down.  Soon  afterwards  a  20-stamp  mill  was  erected,  and  the  ores  were  treated  for  their  sil¬ 
ver  content  by  the  "Reece  River  Process"  -  that  is,  pan  amalgamation  preceded  by  a  chlori- 
dizing  roast.  The  records  indicate  a  recovery  of  78  to  81  per  cent  of  the  silver  on  ores 
which  averaged  from  25  to  30  ounces  of  silver  per  ton.  This  plant  operated  until  1888,  when 
it  was  abandoned,  due  to  the  exhaustion  of  the  oxidized  ores  which  were  amenable  to  this 
process . 


In  1917,  the  Louisiana  Consolidated  Mining  Co.  acquired  the  properties  and  erected 
a  flotation  concentrator  and  a  lead  smelter.  This  venture  was  unsuccessful,  due  to  the  high 
iron  and  zinc  contents  of  the  ores.  No  method  was  available  at  that  time  for  the  separation 
of  these  minerals.  This  plant  closed  down  in  1920. 

In  1925  the  properties  were  optioned  to  the  Treadwell  Yukon  Co.  After  extensive 
exploration  work  the  option  was  exercised.  Construction  of  the  concentrator  was  started  in 
November,  1928,  and  the  mill  began  to  produce  on  May  13,  1929. 

PRESENT  CONCENTRATOR  METHODS 

The  general  flow  sheet  of  the  ooncentrator  is  shown  in  Figure  2.  The  method  of 
flotation  employed  is  a  selective  separation  of  the  lead  and  zinc  minerals  in  the  original 
pulp. 


Crushing 

All  ore  delivered  to  the  primary  ore  bin  has  passed  through  grizzlies  set  at  9 
inches  which  are  located  on  the  level  stations  of  the  mine  over  the  ore  pookets.  Ore  from 
the  mine -is  delivered  through  the  main  vertical  three-compartment  shaft  to  the  primary  ore 
bin  at  the  shaft  collar.  This  bin  has  an  inclined  bottom,  is  steel  lined,  and  has  a  capaoity 
of  125  tons. 

From  the  primary  bin  the  ore  is  fed  to  a  bar  grizzly  with  4-inch  openings,  set  at 
an  angle  of  45°,  by  a  36-inoh  Link-Belt  apron  feeder.  The  grizzly  oversize  product  goes  to 
an  18  by  30  inch  Allis-Chalmers  Blake-type  crusher  set  at  4  inches.  The  crusher  is  belt- 
driven  at  a  speed  of  250  r.p.m.  by  a  50-hp.  motor.  The  average  power  required  to  operate  the 
crusher  under  full  load  amounts  to  16-1/2-hp.  The  crusher  is  equipped  with  manganese  steel 
wearing  plates  having  vertical  corrugations,  and  during  12  months  of  operation  the  only  re¬ 
placement  has  been  one  stationary  wearing  plate.  The  normal  crushing  rate  is  65  tons  per 
hour. 


The  grizzly  undersize  joins  the  crusher  discharge  on  a  24-inch,  rubber-surfaced 
belt  conveyor  and  is  carried  to  a  3  by  8  foot  Link-Belt  vibrating  screen,  inclined  at  an 
angle  of  18°  and  operated  at  a  speed  of  1,300  r.p.m.  The  screen  is  of  manganese  steel  plate 
one-fourth  inch  thick,  punched  with  1-1/4-inch  square  holes,  and  lasts  from  three  to  four 
months.  Due  to  the  muddy  and  sticky  character  of  the  ore  only  a  small  amount  of  the  under¬ 
size  is  larger  than  3/8-inch  size. 
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Figure  1. --Vertical  section  of  the  Tybo  vein,  showing  approximate  degrees 
of  oxidation  of  the  ore  body,  and  varying;  amounts  of  lead  and  silver 

associated  with  the  pyrite  and  sphalerite  in  the  different  horizons 
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Figure  2.-  Flow  sheet  of  Tybo  concentrator 
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The  screen  oversize  goes  to  a  30-inch,  rubber-surfaced  belt  conveyor  where  wood, 
tramp  iron,  and  occasional  pieces  of  waste  are  sorted  out  by  hand.  The  ore  is  usually  wet 
and  covered  with  slime  to  such  extent  that  it  is  difficult  to  distinguish  waste  from  ore. 
To  obtain  efficiency  from  sorting,  the  ore  would  have  to  be  thoroughly  washed. 

The  oversize  from  the  vibrating  screen  is  discharged  into  a  4-foot  Symons  cone 
crusher  set  at  3/8-inch.  The  Symons  crusher  is  direct-connected  to  a  100-hp.  motor  and  con¬ 
sumes  an  average  of  36-hp.  under  full  load. 

The  undersize  from  the  vibrating  screen  is  conveyed  on  a  20-inch  belt  to  a  second 
20-inch  belt  where  it  joins  the  discharge  from  the  cone  crusher.  The  combined  products  pass 
over  a  Merrick  weightometer  to  a  20-inch  distributing  belt  conveyor,  equipped  with  a  self- 
propelled  tripper,  which  discharges  the  products  into  a  1,400-ton  fine-ore  bin. 

Grinding 

The  fine-grinding  equipment  consists  of  two  8  by  4  foot  Hardinge  ball  mills  each 
operating  in  closed  circuit  with  a  type  D,  6  by  25  foot.  Dorr  classifier.  Each  ball  mill  is 
driven  at  a  speed  of  19  r.p.m.  by  a  200-hp.  motor,  through  a  Farrell  reduction  unit,  the  re¬ 
duction  ratio  being  870  to  159.  The  average  power  consumption,  under  full  load,  amounts  to 
139  hp.  The  ball  mills  operate  with  a  ball  load  of  18  tons,  a  circulating  load  of  approxi¬ 
mately  400  per  cent  and  a  pulp  density  between  75  and  78  per  cent  of  solids.  Ball  consump¬ 
tion,  amounting  to  2.7  pounds  per  ton  of  ore  ground,  is  compensated  by  the  addition  of  3-inch 
"Adamantine"  steel  balls.  Manganese  steel  liners  are  used,  and  their  estimated  average  life 
is  from  14  to  16  months.  The  feed-cone  liners  were  replaced  after  8  months  of  service,  the 
original  cone-discharge  liners  are  still  in  service,  and  approximately  80  per  cent  of  the 
original  breast  liners  are  in  service  after  13  months  of  operation. 

Each  Dorr  classifier  is  operated  at  14  strokes  per  minute  by  a  5-hp.  motor  which 
consumes  an  average  of  1-1/2  hp.  under  full  load.  The  overflow  is  maintained  at  a  density 
of  32  to  36  per  cent  of  solids,  and  these  solids  average  from  68  to  75  per  cent  minus  200- 
mesh  material.  Table  1  gives  screen  analyses  of  the  ball-mill  discharge  and  classifier 
overflows.  As  previously  stated,  a  large  amount  of  slime  is  detrimental  to  flotation  opera¬ 
tions  and  since  an  excessive  amount  of  slime  is  produced  in  grinding  ores  from  the  upper 
levels  of  the  mine,  finer  grinding  than  is  shown  by  the  screen  analyses  of  Table  1  is  not 
practiced. 


Lead  Flotation  Circuit 


The  classifier  overflow  products,  which  comprise  the  feed  to  the  lead  flotation 
circuit,  flow  by  gravity  to  a  surge  tank,  24  feet  in  diameter  by  8  feet  high,  constructed  of 
redwood  staves.  The  pulp  flows  by  gravity  from  this  tank  to  the  head  of  the  lead  flotation 
section. 


The  equipment  in  the  lead  flotation  section  consists  of  one  16-cell  Minerals  Sepa¬ 
ration  Sub-A  machine  and  one  three-pan  Bunker  Hill-Sullivan  type  Hearing  pneumatio  cleaner. 
The  cells  of  the  Minerals  Separation  machine  are  18  by  31-1/4  inches  and  the  impellers  are 
18  inches  in  diameter. 

Depending  on  the  grade  and  tonnage  of  the  ore  treated,  the  first  three  to  five 
cells  of  the  Minerals  Separation  machine  produce  rough  flotation  concentrates  which  are 
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pumped  to  the  Hearing  cleaner  unit.  The  cleaner  unit  produces  finished  concentrates  and  a 
middlings  product  which  returns  by  gravity  to  the  head  of  the  Minerals  Separation  machine. 
The  froths  from  rougher  cells  6  to  10,  inclusive,  are  returned  to  the  head  of  the  rougher 
machine,  froths  from  cells  11  to  13  are  returned  to  cell  8,  and  froths  from  cells  14  to  16 
are  returned  to  cell  11.  The  tailings  from  the  lead  section  comprises  the  feed  of  the  zinc 
flotation  circuit. 

The  spindles  of  the  Minerals  Separation  machine  are  driven  in  pairs  at  a  speed  of 
330  r.p.m.  by  eight  7-1/2-hp..  alternating-current,  440-volt,  vertical  motors  operating  at 
1,155  r.p.m.  Tex-rope  drives  are  used  and  after  operating  over  a  year  are  in  excellent  con¬ 
dition.  The  power  requirement  for  the  impellers  of  the  Minerals  Separation  machine  amounts 
to  2.6-hp.  for  each  of  the  16  impellers  when  operating  under  full  load.  The  impellers  of  the 
lead  section  machine  have  a  life  of  approximately  eight  months. 


Reagents  are  introduced  into  the  flotation  pulp  at  the  ball  mills  and  just  ahead 
of  the  flotation  circuit.  The  following  kinds  and  amounts  of  reagents  per  ton  of  ore  treated 
are  added  to  the  ball  mills. 


.  Soda  ash 

Sodium  cyanide 
Zinc  sulphate 

The  kinds  and  amounts  of  reagents  added 
ton  of  ore  treated  follow: 


Soda  ash 
Sodium  cyanide 
Zinc  sulphate 
Ethyl  xanthate 
Cresylic  acid 


Pounds 

1.30 

0.35 

0.50 

ahead  of  the  lead  flotation  circuit  per 


Pounds 

0.60 

0.30 

0.40 

0.10 

0.50 


Soda  ash  is  added  to  neutralize  the  acidity  of  the  ore  and  to  maintain  the  desired 
alkalinity  of  the  pulp.  The  alkalinity  is  determined  by  pH  indicators  and  is  maintained  at 
from  8  to  8.6  pH  values.  Sodium  cyanide  and  zinc  sulphate  are  used  in  conjunction  to  depress 
the  sphalerite  and  pyrite  in  the  lead  circuit.  The  ethyl  xanthate  is  added  as  an  accelerator 
in  the  flotation  of  lead  minerals  and  the  cresylic  acid  is  used  as  a  frothing  agent. 

The  density  of  pulp  in  the  lead  circuit  is  maintained  between  30  and  35  per  cent 

of  solids. 


The  character  of  the  ore  delivered  to  the  concentrator  varies  considerably  from 
day  to  day.  Operating  results  from  the  treatment  of  dean  sulphide  ores  derived  from  the 
lower  levels  of  the  mine  are  consistent  and  concentrates  ranging  from  66  to  70  per  cent  of 
lead  are  readily  obtained.  Variations  from  this  condition  are  due  to  the  degree  of  oxida¬ 
tion  and  amount  of  primary  slime  encountered  in  the  concentrator  heads.  As  the  slime  content 
of  the  flotation  feed  increases,  the  grade  of  concentrates  produced  decreases,  and  experience 
has  shown  that  this  condition  is  not  to  be  overcome  by  the  use  and  control  of  reagents. 
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Zinc  Flotation  Circuit 


The  tailings  from .the  lead  flotation  section  flow  by  gravity  through  an  inverted 
syphon  to  the  head  of  the  Minerals  Separation  machine  of  the  zinc  circuit.  The  flotation 
equipment  of  the  zinc  section  is  a  duplicate  of  that  used  for  the  flotation  of  lead  minerals. 
Depending  upon  the  grade  and  tonnage  of  the  feed  to  the  zinc  section,  rough  concentrates  are 
produced  from  the  first  four  to  eight  cells.  These  concentrates  are  pumped  to  the  Hearing 
cleaner  unit,  which  produces  finished  concentrates  and  a  middlings  product  which  is  returned 
by  gravity  to  the  head  of  the  Minerals  Separation  rougher  machine.  Assuming  that  cells  1 
to  4,  inclusive,  of  the  Minerals  Separation  machine  are  producing  rough  concentrates,  the 
froths  of  cells  5  to  8,  inclusive,  are  returned  to  the  head  of  the  rougher  machine,  and 
froths  from  cells  9  to  16,  inclusive,  are  pumped  to  cell  5.  The  tailings  of  the  zinc  sec¬ 
tion  are  conveyed  by  launder  to  the  tailings  pond. 

The  following  kinds  and  amounts  of  reagents  per  ton  of  original  ore  treated  are 
added  to  the  pulp  ahead  of  the  zinc  section. 


Pounds 

Copper  sulphate 

1.30 

Ethyl  xanthate 

0.10 

Hydrated  lime 

1.90 

Pine  oil 

0.01 

The  copper  sulphate  is  added  to  reactivate  the  sphalerite  which  was  depressed  in 
the  lead  circuit.  Lime,  which  can  not  be  used  in  the  lead  circuit  on  account  of  the  action 
of  the  calcium  ion  in  depressing  galena,  is  used  in  the  zinc  circuit  as  a  depressant  of  py- 
rite.  Pine  oil  is  used  as  an  auxiliary  frothing  reagent. 

The  density  of  the  pulp  in  the  zinc  circuit  is  maintained  at  approximately  25  per 
cent  of  solids.  Due  to  the  lower  pulp  density  in  the  zinc  circuit  as  compared  to  the  pulp 
of  the  lead  circuit,  flotation-machine  impellers  of  the  zinc  circuit  have  nearly  twice  the 
life  of  impellers  operated  in  the  lead  circuit. 

Power  requirements  for  the  impellers  of  the  Minerals  Separation  machine  of  the 
zinc  circuit  are  2.4  hp.  for  each  of  the  16  impellers  operating  under  full  load. 

Air  is  furnished  to  the  Minerals  Separation  machines  of  both  lead  and  zinc  cir¬ 
cuits  at  1-1/2  pounds  pressure  by  a  General  Electric  centrifugal  air  compressor  direct- 
connected  to  a  11-hp.  motor  consuming  8  hp.  under  full  load.  Air  is  furnished  to  the  Hearing 
cleaner  units  of  both  lead  and  zinc  sections  at  4-1/2  pounds  pressure  by  a  No.  2  Connersville 
blower,  belt-driven  by  a  10-hp.  motor  requiring  11  hp.  under  full  load. 

DEWATERING  OF  FLOTATION  CONCENTRATES 

The  finished  concentrates  from  the  lead  and  zinc  flotation  circuits  are  pumped  to 
their  respective  Hardinge  thickeners,  each  24  feet  in  diameter  by  8  feet  high,  by  2-inch 
Wilfley  pumps.  The  scraping  mechanism  of  the  thickeners  makes  one  revolution  in  six  minutes. 
Thickener  feeds  contain  about  10  per  cent  of  solids  and  the  thickener  discharge  from  60  to  70 
per  cent  of  solids.  The  thickened  concentrates  are  conveyed  through  4-inch  pipe  lines  equip¬ 
ped  with  Nordstrom  valves,  to  two  Oliver  filters,  each  5  feet  4  inches  in  diameter  by  10 
feet  wide.  Each  filter  has  167-1/2  square  feet  of  filtering  surface,  Palma  twill  style  15  C 
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being  used  as  the  filtering  mediuni.  The  average  life  of  the  filtering  cloth  is  eight  months 
on  the  zinc  filter  and  three  months  on  the  lead  filter. 

Vacuum  at  the  filters  is  maintained  at  about  18  inches  of  mercury,  the  elevation 
of  the  plant  being  6,700  feet  above  sea  level.  Two  Oliver  vacuum  pumps,  14  by  8  inches  in 
size,  driven  by  two  15-hp.  motors  through  Lenox  short-center  drives,  are  used  for  this  pur¬ 
pose.  Compressed  air  for  removing  the  filter  cake  is  supplied  at  10  pounds  pressure  by  one 
S-1/2  by  8  inch  Oliver  compressor  driven  through  a  Lenox  drive  by  a  10-hp.  motor  which  re¬ 
quires  8-1/2  hp.,  on  the  average,  under  full  load. 

The  filter  cakes  drop  onto  16-inch  belt  conveyors  and  are  discharged  into  their 
respective  bins.  The  concentrates  are  transported  by  truck  to  Tonopah  for  rail  shipment. 
No  provision  has  been  made  for  heating  the  concentrates  storage  bins  in  winter,  and  no  trou¬ 
ble  has  been  experienced  with  frozen  concentrates,  although  the  minimum  temperature  during 
winter  reaches  10°  below  zero. 

Table  2  gives  analyses  of  lead  and  zinc  concentrates. 

DISPOSAL  OF  TAILINGS 

The  tailings  are  conveyed  in  launders  by  gravity  to  the  disposal  ground.  Adequate 
ground  is  available  for  tailings  storage  without  impounding,  and  their  disposal  does  not  con¬ 
stitute  a  serious  problem. 


SAMPLING  AND  CONTROL  OF  OPERATIONS  . 

The  flotation  feed  and  the  final  flotation  tailings  streams  are  cut  at  15-minute 
intervals  by  Galigher  automatic  samplers.  Samples  of  the  tailings  of  the  lead  section  and 
of  the  two  f-inal  concentrates  are  cut  from  the  respective  launders  by  operators.  A  specially 
designed  hand  sampler,  shown  in  Figure  3,  is  used  for  this  purpose. 

The  daily  mill  feed  and  tailings  samples  are  composited  for  a  15-day  period  on  the 
basis  of  tonnage  treated,  allowing  1  gram  for  each  10  tons  of  ore  concentrated,  and  the  com¬ 
posite  sample  is  assayed  by  control  methods. 

A  comparison  of  the  average  smelter  returns  with  concentrator  assays  made  on  sam¬ 
ples  taken  by  hand  from  May  13  to  December  31,  1929,  follows:  t 

Average  smelter  returns  comnared  with  concentrator  assays  of  samples  taken  by  hand- 

from  May  13  to  December  31.  1929  ' 


Lead 

concentrat 

Zinc  concentrates 

Silver, 

1  Lead, 

1  Zinc,  - 

-  -  Silver, 

Lead, 

Zinc, 

ounces  per  ton! per  cent 

|per  cent 

ounces  per  ton 

per  cent 

per  cent 

Smelter . 

90.43 

1  62.75 

1  3.50 

13.65 

2.71 

46.57 

Concentrator 

90.65 

1  62.47 

1  3.77 

13.39 

2.29 

46.84 

The  production  of  lead  concentrates  is  calculated  from  the  usual  formula: 
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Per  cent  of  mill  feed  produced  as  lead  concentrates  =  100  F-T  -f-  C-T 

where  F,  C,  and  T  are  lead  assays  of  lead  section  feed,  lead  section  concentrates, 

and  lead  section  tailings  products,  respectively. 

The  production  of  zinc  concentrates  is  calculated  from  the  formula: 

Percentage  of  original  mill  feed  produced  as  zinc  concentrates  =  (100-L)  (F-T)  (C-T) 

where  F,  C,  and  T  are  the  zinc  assays  of  zinc  section  feed,  zinc  section  concen¬ 
trates,  and  zinc  section  tailings  produots,  respectively,  and  L  is  the  per  cent 
of  mill  feed  produced  as  lead  concentrates. 


Flotation  operations  are  controlled  by  the  appearance  of  the  froths  whioh  are  fre¬ 
quently  examined  by  panning  with  a  white  enameled  vanning  plaque. 

The  pressure  filter  shown  in  Figure  4  is  used  for  the  dewatering  of  pulp  samples. 
This  filter  was  designed  by  H.  M.  Lewers,  mill  superintendent,  and  has  been  found  satis¬ 
factory.  In  operating  the  filter,  a  7-inch  diameter  filter  paper  is  placed  over  the  canvas 
and  90-pound  pressure  mine  air  is  used.  It  requires  less  than  three  minutes  to  dewater  a 
pulp  sample  weighing  10  ounces  and  the  filtrate  is  perfectly  clear. 

CONCENTRATOR  RECOVERIES  AND  LOSSES 

Table  3  gives  concentrator  results  for  March,  1930.  Table  4  shows  the  gross  values 
per  ton  of  the  heads  and  of  the  lead  concentrates  and  zinc  concentrates.  Table  5  gives  ex¬ 
tractions  of  silver,  lead  and  zinc  computed  as  indicated  in  the  table.  Table  5  also  gives 
the  "economic  recoveries"  of  silver,  lead,  and  zinc.  "Economic  recovery"  of  a  metal  at  this 
plant  is  computed  as  the  product  of  the  gross  value  of  the  metal  in  the  concentrator  heads, 
in  dollars,  and  the  recovery  of  the  metal,  as  concentrates,  in  per  cent.  Table  6  gives  the 
metallurgical  data  for  March,  1930. 

Most  of  the  silver  loss  in  the  tailings  is  due  to  silver  associated  with  pyrite, 
as  indicated  by  the  following  test.  A  sample  of  concentrator  tailings,  representing  one 
week  of  operation,  wg.s  sized  by  a  200-mesh  sieve.  The  minus  200-mesh  material  was  further 
separated  into  sand  and  slime  products,  the  sand  product  consisting  of  approximately  minus 
200-mesh  plus  500-mesh  sizes.  A  separation  of  the  sulphides  and  gangue  contents  of  the  sand 
product  was  made  with  bromoform  of  2.82  speoific  gravity.  The  sulphides  obtained  were  given 
a  flash  or  magnetizing  roast,  and  the  pyrite  was  then  separated  with  a  magnet.  The  following 
tabulation  of  assay  values  in  the  several  products  obtained  indicates  the  association  of 
silver  with  the  pyrite. 


1 

Silver, 

Per  cent 

1 

ounces  oer  ton 

Lead 

Zinc  Iron 

Composite  tailings  sample 

2.76 

1.1 

1.3  111. 6 

Slime  product,  minus  500-mesh 

sizes  1 

2.30 

0.4 

0.6  1  7.7 

Bromoform  float  sand 

1 

0.50 

Trace 

Trace] 

Pyrite 

. 1 

10.25 

1.5 

0.1  1  - 
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The  following  tabulation  gives  a  comparison  of  analyses  of  concentrator  heads  and 
final  products  when  treating  two  different  mixtures  of  lower  and  upper  level  mine  ores  and 
illustrates  the  effect  of  increasing  the  proportion  of  upper-level  ores  on  the  grade  of  con¬ 
centrates  . 


Comparison  of  analyses  of  concentrator  heads  and  final  products  when  treating  two 

different  mixtures  of  lower  and  upper  level  mine  - 


Concentrator  feed 

mixtures 

per  cent 

Lower  levels  =  80 

Upper  levels  =  20 

Lower  levels  =  50 

Upper  levels  =  50 

Assays 

Assays 

Silver,  | 

Lead, 

Zinc, 

1  Iron, 

Silver, 

1  Lead, 

Zinc, 

1  Iron, 

ounces  | 

per  cent 

per  cent 

[per  cent 

ounces 

|per  cent 

per  cent 

[per  cent 

per  ton  | 

1 

1 

per  ton 

1 

1 

Heads  . 

8.6  1 

5.7 

5.0 

1  11.1 

9.1 

1  5.8 

4.3 

i  12.5 

Lead  concentrates 

96.4  1 

69.5 

4.3 

|-  -  6.1 

82.8 

1  63.2 

4.2 

1  6.7 

Zinc  concentrates 

12.4  1 

1.6 

48.6 

1  11.7 

13.3 

1  2.4 

47.9 

1  11.0 

Tailings  .  . 

2.0  i 

0.87 

1.03 

1  12.9 

3.0 

1  1.6 

0.95 

|-  13.2 

The  lead  losses  in  the  tailings  produced  during  the  periods  covered  by  the  pre¬ 
ceding  tabulation,  were  determined  to  be  distributed  as  follows: 


Distribution  of  lead  losses  in  the  tailings 


Concentrator  feed  mixtures. 

per 

cent 

Lower  levels  =  80 

Lower  levels  =  50 

Upper  levels  =  20 

Upper  levels  =  50 

Lead  in  tailings,  in  oxidized 

form,  per  cent . 

0.35 

0.80 

Lead  in  tailings,  associated 

with  pyrite,  per  cent . 

.32 

.60 

Lead  in  tailings,  association 

not  determined,  per  cent . 

.20 

.20 

Total  lead  in  tailings,  per  cent 

0.87 

1.60 

The  following  tabulation  gives  a  screen-assay  analysis  of  the  tailings  product 
produced  during  the  period  in  which  the  50  per  cent  upper-level  and  50  per  cent  lower-level 
ore  mixture  was  treated. 
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Screen-assay  analysis  of  concentrator  tailings 


Screen  sizes 

Assays 

Per 

cent  of  total 

1  Weight, 
Iper  cent 

1  .  .  _ 

Silver, |  Lead,  | 
ounces  [per  cent] 
per  ton!  1 

Zinc, 

per  cent 

Iron, 

per  cent 

Silver 

jbead 

1 

Zinc 

Iron 

Plus  100-mesh 

1  19.0 

2.2  1 

0.8  1 

0.9 

5.1 

15.2 

1  9.4 

18.1 

8.7 

Minus  100  plus  150  mesh 

1  13.9 

1.6  1 

1.4  1 

1.1 

15.5 

8.0 

111.9 

16.2 

19.4 

Minus  150  plus  approxi- 

1 

1 

1 

mately  350  mesh  sands 

1  20.9 

1.8  1 

2.0  1 

0.8 

19.2 

13.7 

125.6 

17.7 

36.1 

Minus  approximately  350 

1 

1 

1 

plus  500  mesh  sands 

1  4.3 

3.8  1 

0.6  1 

0.7 

9.6 

5.7 

1  1.9 

3.2 

3.7 

Slimes 

1  41.9 

3.8  1 

1.9  1 

1.0 

8.5 

57.4 

151.2 

44.8 

32.1 

CONCENTRATOR  OPERATION  AND  COSTS  j 

Under  normal  conditions  of  treating  320  tons  of  ore  per  day  the  mill  crew  is  dis¬ 
tributed  as  follows: 

Number  of  operators 


Crusher  2 

Sorting  belt  1 

Ball  mills  3 

Flotation  3 

Filter  and  reagents  _ L 

Total  10 


The  entire  conoentrator  is  shut  down  for  a  short  period  twice  each  month  for  the 
examination  of  ball-mill  liners  and  for  general  repairs.  Repairs  and  oiling  are  handled  by 
the  meohanical  and  electrical  departments.  The  total  time  lost  because  of  enforced  shut 
downs  in  over  a  years  operation  amounted  to  two  hours,  caused  by  defective  insulation  in  a 
small  motor. 

The  milling  costs  vary  inversely  with  the  tonnage  of  ore  treated.  A  summary  of 
costs  per  ton  of  original  ore,  for  March,  1930,  when  treating  320  tons  of  ore  per  day,  is 
given  in  Table  7.  Distributions  of  labor  and  power  and  a  summary  of  reagents  are  shown  in 
Table  8. 
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Table  1. — Screen  analyses  of  concentrator  products 


Ball 

-mill 

1  Classifier 

1  Flotation 

tailings 

Flotation 

tailings 

discharges. 

1  overflows. 

1  of  lead 

section. 

of  zinc 

section. 

Screen 

78  per  cent  solids 

142  per  cent  solids 

133  per  cent  solids 

25  per  cent  solids 

sizes. 

Weight,  1 

Cumulative 

[weight. 

Cumulative|Weight,  | 

Cumulative 

Weight,  1 

Cumulative 

mesh 

per  cent! 

per  cent 

[per  cent 

per  cent 

[per  cent] 

per  cent 

per  cent] 

per  cent 

On 

14 

9.75  1 

9.75 

1  - 

- 

1  -  1 

— 

-  1 

On 

28 

4.15  1 

13.90 

1  - 

- 

1  -  1 

- 

1  -  1 

— 

On 

35 

3.90  1 

17.80 

1  - 

- 

1  -  1 

- 

-  1 

- 

On 

48 

5.91  1 

23.71 

1 

- 

1  -  1 

- 

1  -  1 

- 

On 

65 

10.30  1 

34.01 

1  5.09 

5.09 

1  6.12  1 

6.12 

1  6.44  1 

6.44 

On 

100 

11.35  1 

45.36 

1  9.10 

14.19 

1  9.36  1 

15.48 

1  8.07] 

14.51 

On 

150 

10.10  1 

55.46 

1  8.86 

23.05 

1  9.15  1 

24.63 

1  10.92  1 

25.43 

On 

200 

6.77  1 

62.23 

1  8.10 

31.15 

1  8.41  1 

33.04 

1  'T.IO  1 

32.53 

Throueh  200 

37.77  1 

100.00 

1  68.85 

100.00 

1  66 . 54  1 

99.58 

1  67.47  1 

100.00 

Table  2 . — Analyses  of  lead  and  zinc  concentrates 


Ounces  | 
per  ton  | 

Per  cent 

Gold  Silver  Lead  Zinc  Copper  Iron 

Sulphur  Insoluble 

Arsenic 

Antimony 

Cadmium 

Lead 

concentrates 

1  I  I  1  1 

0.181  90.43l62.75l  3.70)  Tracej  6.7 

1 

18.3  1 

3.8 

1.3 

0.7 

(1) 

Zinc 

concentrates 

1  1  1  1  1 

0.041  13.651  2.7ll46.57l  0.10  [ll.l 

1 

28.4  1 

3.3 

(1) 

0.5 

1  -  Not  determined. 


Table  3. — Concentrator  reaults  for  March.  1930 


1  Weight 

1 

Assays 

Weight, 

Dounds  oer  ton 

Total  weight 

Concentra¬ 

tion 

ratios 

1 

jper  centl  Tons 

1 

1 

Silver, 

ounces 

ner  ton 

Lead, 

per  cent 

Zinc, 

per  cent 

Lead 

Zinc 

Silverj  Lead,  |  Zinc, 
ounces  1  pounds  [pounds 

1.. . ....1 

Concentrator  heads . 

1  1 

1  100.00  [g  930.0 

9.44 

5.95 

4.14 

119.0 

82.8 

93 , 739 1 1 , 181 , 670 [ 822 , 204 

- 

Lead  concentrates . 

1  7.08  1  703.5 

87.10 

59.90 

4.00 

1,198.0 

80.0 

61,2751  842, 793 j  56,280 

14.12  to  1 

Zinc  concentrates . 

1  6.29  1  625.0 

14.28 

2.55 

47.60 

51.0 

952.0 

8,925|  31,8751595,000 

15.98  to  1 

Lead  section  tailings.  .. 

1  92.92  |9,226.5 

3.60 

1.85 

4.17 

37.0 

83.4 

33,215!  341, 381 [769, 490 

Zinc  section  tailings.... 

1  86.63  18,601.5 

3.02 

1.85 

1.01 

37.0 

20.2 

25,9761  318,2561 173,750 

- 

Table  4 . — Gross  metal  values  per  ton  of  heads  and  of  lead  and  zinc  concentrates 


Metal  prices 

Heads 

Lead 

concentrates 

Zinc  concentrates 

Silver 

41  cents  per  ounce 

$3.87 

$35.71 

$5.85 

Lead 

5.50  cents  per  pound 

6.54 

65.89 

^2.55 

Zinc 

5.00  cents  per  pound 

4.14 

47.60 

Total 

$14.55 

$101.60 

$56.00 

1  -  Price  of  lead  in  zinc  concentrates  taken  at  5  cents  per  pound. 
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Table  5. — Per  cent  recoveries  and  "economic  recoveries"  of  metals 


Silver 

Lead 

Zinc 

Extractions : 

1 

1 

Extractions  computed  from 

metals 

in 

heads 

and 

concentrates. 

per 

1 

1 

cent 

74.9] 

74. 0l 

72.4 

Extractions  computed  from 

metals 

in 

heads 

and 

tailings,  per 

cent 

72.3] 

73.  ij 

72.0 

Extractions  computed  from 

metals 

in 

concentrates  and  tailings. 

1 

1 

per  cent 

73. 0| 

73. 3 1 

72.1 

"Economic  recoveries": 

1 

1 

Silver  =  74.9  per  cent  of 

$3.87 

$2.90l 

1 

- 

Lead  =  74.0  per  cent  of 

$6.54 

1 

$4.84| 

- 

Zinc  =  72.4  per  cent  of 

$4.14 

- 

- 

$3.00 

Average  "economic  recovery"  =  10.47/14.55  x  100  per  cent  ]  73.8 


Table  6 . — Metallurgical  data  for  March.  1930 


Dry  ore  treated,  tons  9,930 
Moisture  in  ore  to  mill,  per  cent  3.8 
Hours  operated  per  day  24 
Days  operated  31 
Ore  treated  per  24  hours,  tons  320 
Total  concentrates  produced,  dry  tons  .  .  1,328.5 
Average  lead  concentrates  produced  per  24  hours,  dry  tons  22.7 
Average  zinc  concentrates  produced  per  24  hours,  dry  tons  20.2 
Recovery  of  lead,  per  cent  74.0 
Per  cent  of  total  lead  in  lead  concentrates  71.3 
Per  cent  of  total  lead  in  zinc  concentrates  2.7 
Recovery  of  zinc,  per  cent  79.2 
Per  cent  of  total  zinc  in  zinc  concentrates  72.4 
Per  cent  of  total  zinc  in  lead  concentrates  6.8 
Recovery  of  silver,  per  cent  74.9 
Per  cent  of  total  silver  in  lead  concentrates  65.4 
Per  cent  of  total  silver  in  zinc  concentrates  9.5 
Ratio  of  concentration  for  lead  section,  tons  of  original  ore  into  1  14.12 
Ratio  of  concentration  for  zinc  section,  tons  of  original  ore  into  1  15.89 
Water  consumption  per  ton  of  ore,  tons  5 
Ball  consumption  per  ton  of  ore,  pounds  2.7 
Average  pulp  density  in  lead  circuit,  per  cent  of  solids  34 
Average  pulp  density  in  zinc  circuit,  per  cent  of  solids  25 
Average  temperature  of  mill  water,  °F.  58 
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Table  7. — Summary  of  concentrator  costs  for  March.  1950 
Ore  treated  =  9,930.0  tons 
Lead  concentrates  produced  =  703.5  tons 
Zinc  concentrates  produced  =  625.0  tons 


Operating  labor 

Power 

Supplies 

Miscellaneous 

Total 

Sorting .  . 

$0,017 

- 

$0,001 

$0,018 

Crushing . 

.035 

$0,023 

$0,019 

.002 

.079 

Grinding  and  classification 

.054 

.210 

.176 

.005 

.445 

Flotation . 

.073 

.064 

.359 

.006 

.502 

Filtering . 

.015 

.005 

- 

.001 

.021 

General  mill  expense . 

.050 

.016 

- 

.151 

.217 

Total . 

$0,244 

$0,318 

$0,554 

$0,166 

$1,282 

Table  8 . — Distributions  of  labor  and  power  and  summary  of 
reagents  for  March.  1950 

Ore  treated  =  9,930.0  tons 

Lead  concentrates  produced  =  703.5  tons 

Zinc  concentrates  produced  =  625.0  tons 


Labor  (man-hours  per  ton  concentrated) : 

Sorting .  0.027 

Crushing  .047 

Grinding  and  classification .  .078 

Flotation  .097 

Filtering  and  mixing  reagents .  .022 

Miscellaneous .  .  067 

Total  man-hours  per  ton  of  ore  concentrated .  0.338 


Power,  kw.h.  per  ton: 

Crushing .  1.77 

Grinding  and  classification .  15.84 

Flotation .  4.85 

Filtering .  0.39 

Miscellaneous .  1 . 19 

Total  kw.h.  per  ton  of  ore  concentrated .  24.04 


Reagents  (pounds  per  ton  of  ore  treated) : 

Soda  ash .  1.90 

Sodium  cyanide . •. .  0.65 

Zinc  sulphate .  0.90 

Copper  sulphate .  1.30 

Ethyl  xanthate .  0.20 

Cresylic  acid .  0.50 

Lime  (hydrated.) .  1.90 

Pine  oil .  0.01 


Miscellaneous : 

Steel  balls,  pounds  per  ton  of  ore  concentrated  2.70 
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imODUCTIOlT 

The  expansion  of  city  street  paving  which  characterized  the  ten  years 
ended  December  31,  1929,  according  to  a  svTvey  of  201  representative  cities 
made  by  the  Bureau  of  Mines,  rea,ched  its  climax  in  1927,  with  decreases  reported 
for  1928  and  1929.  Tiie  upward  trend,  followed  by  a  decline,  was  general  in 
cities  of  all  sizes  included  in  this  study,  but  wa.s  most  pronounced  in  cities 
of  40,000  to  100,000  inhabitants  and  in  the  Northeastern,  Southeastern,  and 
Southwestern  States.  In  the  North-Central  States  the  trend  of  paving  was  down¬ 
ward  from  1925  to  1929;  in  the  Pacific  and  Hocky  Mountain  States  it  was  generally 
upward. 

Over  the  nation  as  a  whole,  bituminous  types  of  paving  continued  to 
lead,  furnishing  two-thirds  of  the  total  street  pavement  laid  in  the  201  cities 
from  1925  to  1929.  The  actual  yardage  of  bituminous  pavement  laid  in  these 
cities,  however,  was  3.8  per  cant  less  in  1929  than  in  1925,  and  the  ratio  of 
bituminous  pavement  to  the  total’  pavement'  dropped  from  70.4  per  cent  in  1925  to 
62.1  per  cent  in  1928,  rising  to  65.1  per  cent  in  1929.  The  area  paved  with 
Portland-cemcnt  concrete  amounted  to  only  one-fourth  of  the  total  pavement  laid 
in  these  cities  from  1925  to  1929,  but  the  yardage  of  Port land-cement  pavement 
increased  by  half  during  the  period,  and  its  share  in  the  total  pavement  grew 
from  19.3  per  cent  in  1925  to  30.0  per  cent  in  1928,  declining  to  28.5  per  cent 
in  1929.  Brick,  block,  and  stone  pavements,  which  ppnstituted  the  remaining 
one-twelfth  of  the  total  pavement  laid,  in  the  201  cities,  decreased  one-third 
in  yardage,  and  declined  in  relative  importance  from  10.3  per  cent  in  1925  to 
6.6  per  cent  in  1929. 

Local  preferences,  based  on  such  various  factors  as  availability  and 
cost  of  the  different  paving  materials,  cost  of  initial  laying,  local  traffic 
conditions,  or  even  custom  and  tradition,  largely  govern  the  choice  of  the  type 
of  street  pavement.  Por  example,  bituminous  pavements  constituted  93.3  per  cent 
of  the  total  street  surfacing  laid  in  Michigan  from  1925  to  1929,  inclusive,  but 
only  52  per  cent  of  the  total  pavement  in  the  adjacent  State  of  Ohio,  57.9  per 
cent  in  Indiana,  and  56.9  per  cent  in  Illinois.  In  New  Jersey  they  constituted 
90.3  per  cent  of  the  whole,  but  in  New  York  only  79.1  per  cent,  and  in  Pennsyl¬ 
vania  only  73o5  per  cent.  In  Massachusetts  they  amounted  to  82.0  per  cent  of 
the  total  pavement,  and  in  Connecticut  to  97.0  per  cent.  In  like  manner,  Port- 
land-cement  concrete  formed  40.9  per  cent  of  the  total  pavement  in  Indiana,  but 
only  33.2  per  cent  in  Illinois,  17,0  per  cent  in  Ohio,  and  6.0  per  cent  in  , 

Michigan.  In  the  Middle  Atlantic  States,  Portland-cement  concrete  made  up  10.4 
per  cent  of  the  whole  in  Pennsylvania,  but  only  6,9  per  cent  in  New  York,  and  5.0 
per  cent  in  New  Jersey,  In  New  England  7.5  per  cent  of  the  street  area  in  Massa¬ 
chusetts  was  surfaced  with  Portland-cement  concrete  but  only  2.7  per  cent  in 
Connecticut.  Similarly,  bricli,  block,  and  stone  pavements  formed  30.8  per  cent 
of  the  whole  area  in  Ohio,  but  only  1.2  per  cent  in  Indiana,  0.7  per  cent  in 
Michigan,  and  9.9  per  cent  in  Illinois.  In  Pennsylvania  they  constituted  16.0 
per  cent  of  the  entire  street  surface;  in  New  York,  14.0  per  cent;  but  in  New 
Jersey,  only  4.7  per  cent.  ^ 

2  — 
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Size  of  cities  was  more  influential  in  determining  the  distribution 
of  certain  tj-'pes  of  pavement  than  of  others.  Differences  in  paving  practice 
between  the  larger  and  the  smaller  cities  were  more  marked  in  the  case  of  the 
bituminous  pavements.  Siieet  asphalt  was  favored  by  the  larger  cities;  asphaltic 
concrete  in  the  medium-sized  and  smaller  cities;  and  asphaltic  macadam  in  the 
smaller  cities  of  the  group  studied.  The  use  of  Portland-cement  concrete  in 
each  group  of  cities  according  to  size  was  generally  proportional  to  the  share 
of  each  group  in  the  total  paving.  Most  of  the  brick,  block,  and  stone  was  laid 
in  the  largest  cities  of  over  1,000,000  population  and  in  the  smallest  cities, 
having  40,000  to  100,000  inhabitants. 

ACOOWLSDGMEM’ 


The  cooperation  of  the  Bureau  of  Foreign  and  Domestic  Commerce  and 
of  several  of  its  district  offices  and  cooperative  offices  in  various  parts  of 
the  United  States  is  gratefully  acknowledged. 

SCOPE  AMD  lETHOD  OP  IMVSSTIGATIOM 


The  foregoing  conclusions  were  based  on  statistics,  compiled  by  the 
Bureau  of  Mines  in  connection  with  the  asphalt  chapter  of  Mineral  Resovirces  of 
the  United  States,  of  street  pavement  laid  in  201  representative  cities  of  the 
United  States  from  1925  to  1929,  inclusive.  Since  street  paving  and  road  s’or- 
facing  constitute  the  largest  single  commercial  use  of  asphalt,  accounting  for 
44  per  cent  of  all  asphalts  sold  in  the  United  States,  trends  in  street  and  high¬ 
way  paving  form  a  factor  of  economic  importance  in  relation  to  the  national 
demand  for  asphalt.  Moreover,  it  is  important  to  know  whether  increased  or  de¬ 
creased  sales  of  paving  asphalt  in  any  given  year  are  in  conformity  with  the 
general  trend  of  paving  and  road  building.  Statistics  of  .rural  hi^way  construc¬ 
tion,  both  by  States  and  by  counties  and  townships,  are  compiled  and  published 
by  the  Bureau  of  Public  Roads  of  the  Department  of  Agriculture.  Mo  public 
agency,  however,  has  hitherto  undertaken  to  compile  statistics  of  city  street 
paving.  .It  is  the  purpose  of  this  stu'3y  to  supply  in  part  that  lack  and  to  fur¬ 
nish  a  statistical  ba-sis  for  estimating  trends  in  the  laying  of  street  pavements 
in  general  and  of  asphaltic  pavements  in  particular. 


Inquiries  were  addressed  to  the  city  engineers,  superintendents  of 
hi^ways,  or  corresponding  officials  of  230  municipalities  with  populations  ex¬ 
ceeding  40,000  according  to  the  estimates  of  the  Bureau  of  the  Census  for  1928. 
Where  no  city  or  town  in  a  given  State  contained  as  many  as  40,000  inhabitants, 
inquiry  was  made  of  the  largest  city  or  town  in  that  State.  The  officials  in 
charge  of  street  paving  were  requested  to  report  the  number  of  square  yards  of 
each  type  of  street  pavement  laid  in  their  respective  cities  for  a  series  of 
years  ended  December  31,1929.  Sufficient  data  for  the  p^'orposes  of  the  inquiry 
were  received  from  201  cities,  distributed  over  46  States  and  the  District  of 
Columbia  and  containing  an  aggregate  population  of  42,376,000  in  1930.  The 
cities  included  in  the  survey  accordingly  comprise  94.5  per  cent  of  the  popula¬ 
tion  of  the  United  States  living  in  communities  of  over  40,000  inhabitants.  The 
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sTirvey  covers  all  of  the  population  living  in  cities  of  over  1,000,000  inhabi¬ 
tants,  and  all  living  in  the  cities  containing  from  500,000  to  1,000,000  resi¬ 
dents,  as  well  as.  96.7  per  cent  of  the  population  residing  in  cities  of  250,000 
to  500,000  irJiabitants ,  95.0  per  cent  of  the  population  living  in  cities  of 
100,000  to  250,000,  and  80.3  per  cent  of  the  population  enrolled  in  communities 
of.  40, 000  to  100,000.  . 

I  • 

Uo  endeavor  ras  made  to  include  all  ■  coraridni ties  in  the  present  figures 
and  no  effort  -.fO-s  made  to  account  for  all  the  asphalt,  Portland  cement,  vitri¬ 
fied  brick,  stone  block  or  other  materials 'Used  for  paving  within  the, United 
States  in  an^'  one  year.  I'he  purpose  of  the  sui’vey  was  to  obtain  over  a  series 
of  years  comparable  figures  from  a  sufficient  number  of  representative  American 
cities  to  permit  the  studj'’  of  trends  or  tendencies  in  city  street  paving.  While 
the  collection  of  figures  from  cities  of  less  than  40,000  inhabitants  would  be 
of  interest,  consideration  of  the  time  and  labor  involved  compelled  the  restric¬ 
tion  of  the  investigation  to  such  a  number  of  cities  as  could  be  conveniently 
handled. 

One  of  the  difficulties  of  such  a  study  is  the  lack  of  uniformity  in 
the  method  of  keeping  statistics  of  street  paving  from  city  to  city.  Tor 
instance,  in  some  cities  paved  alleys  as  well  as  gutters  and  curbs  are  included, 
but  for  most. cities  the  figures  refer  solely  to  the  central  roadway  of  traveled 
streets.  Statistics  of  new  pavement' and  of  resurfacing  are  carefully  distin¬ 
guished  in  come  cities  mid  are  combined  in  others.  Although  most  of  the  cities 
comprised  in  this  survey  kept  their  paving  statistics  by  the  calendar  year, 
several  important  cities  used  fiscal  years  beginning  on  various  dates.  Figures 
for  such  cities  have  been  placed  in  the  calendar  year  to  which  each  fiscal  year 
most  closely  corresponds.  Uevortheless,  the  statistics  received  from  each  city 
are  on  the  same  basis  from  year  to  yta”,  and  it  is  felt  that  a  summation  of  such 
statistics  will  provide  an  accurate  analysis  of  existing  tendencies  in  street 
paving. 

In  general,  both  new  pavement  and  resurfacing  are  included  in  the 
tables  in  this  report.  Maintenance,  repair,  and  patching  work  have  for  the 
most  part  been  excluded.  In  the  first  place,  comparatively  few  cities  keep 
adequate  statistics  of  the  yardage  of  pavement  laid  in  maintenance  or  repair. 

In  the  second  place,  such  figures  reveal  little  or  nothing  about  the  tendencies 
of  paving.  To  a  large  extent  a  roadway  is  maintained  or  repaired  with  the  same 
material  of  which  it  is  constructed,  and  the  element  of  free  choice  of  material 
doss  not  enter  to  the  same  degree  that  it  does  into  new  construction  or  into 
resurfacing. 

Such  factors  as  density  of  population,  amount  of  taxable  property, 
volume  and  na.ture  of  traffic,  availability  and  cost  of  the  various  paving  mater¬ 
ials,  and  supply  and  cost  of  labor  differ  from  section  to  section,  from  State 
to  State,  and  even  from  city  to  city.  There  are  marked  differences  in  the  pav¬ 
ing  practices  of  the  various  sections  of  the  United  States  and  between  the  larger 
and  the  smaller  cities.  Moreover,  a  five-year  period  does  not  adequately  reveal 
tendencies  in  the  construction  of  street  improvements  designed  to  last  a  genera¬ 
tion  vdth  proper  care.  Of  necessity,  activity  in  paving  is  cyclical,  especially 
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In  the  smeJler  and  less  wealth^’  uronicipalities.  More  than  one  city,  after 
raising' money  hy'  a/boiid  i'ssue',”  has,  laid  In  e.  'single  year  enou,^  street  pavement 
to  meet  its  requirements  for  a  decade,  and  in  the  .ne;:t  four  or  five  years  has 
limited  its  activities  to  m^aintonance  and  repair  of  existing  pavements  and  to 
minor  extensions  of. ..  existing ,  streets. . . 

,  In  considering' tronds,  it  is  important  to  recognize  that  the  various  . 
materials  used- for  street-paving — asphalt;,. 'Portland  cement.,,  vitrified  brick, 
stone  block,  a.nd  v70od  blaclcr-^ai’e  not .  hecos.sarily  competitive.;,  to  a  large  extent 
they  supplement .  each  other  Slieet  asphalt  is.  use.das  a  sur’fac.e.  course  over  a 
base  of  Portlandr-ccmient  concrete,  vitrified  brick.,  or  stone,  block.  Asphaltic 
concrete  and  sh'eet  asphalt  are  used  to.  patch  and  resurface,  rorn  ps.vements  of 
Portland-cement  coheretej  vithifiod  brick,  or  stone;  Liquid. asphalt,  and  as¬ 
phaltic  joint-filler  stre  used  to  fill  joints,  crevices,  and  cracks  in.Portland- 
cement  concrete, ^ brick,  or ; stone  pavements.  Portland-cemcnt  concrete  and 
vitrified  brick  are  used  for  gutters,  curbs,  and  shoulders-  to  bituminous- road- •• 
ways,  as  well  as  for  bases  ,.for  asphaltic  surfaces.  Ppr bl.and-ceraert  concrete  bias 
been  used  for  patching  and  resurfacing  cement,  brick*  and  stone  block  pavements. 

discussion 

The  peak  of  street  paving  in  the  201 "cities  was  reached  in  1927,  when  • 
57,944,251  square  yards  was  laid.  This  was  an  increase  of  8.2  per  cent  oyer 
the  53,530,760  square  yards  le.id  in  1925,  and  of  22.5  per  cent  over  the 
47,286,585  square  ya-rds  in  1925.  Prom'  the  maximum  attained  in  1927,  the 
53,494,925  dqunre  yards  laid  in  1928  constituted  a  decrease  of  7.7  per  cent. 
Similarly,  the  48,868:036  square  yards  laid  in  1929  represented  a  decrease  of  ' 

6.8  per  cent  from  the  yardage  laid  in  1928,  but  an  increase  of  3.3  per  cent  over 
that  laid  in  1925. 

Two-thirds  (65.4  p-?5r  cent)  of  the  total  street  area  paved  in  the  201 
cities  from  1925  to  1929,  inclusive,  v;as  surfaced  with  bituminous  types  of  pav¬ 
ing.  These  include  petroleum  asphalt  or  lake  asphol.t  mixed  with  sand  or  crushed 
stone,  in  varying  proportions;  liquid  or  semiliquid  asphalt  or  roo.d  oil  ap];jlicd 
to  the  surface  of  a  macadam,  gravel,  or  ear'oh  roadway;  a.nd  native  rock  asphalt 
laid  as  a  surface.  A  small  and  relatively  insignificant  y-ardage  of  coal-tar 
mixtures  is  included  in  the  total  bituminous  pauvement.  One-fo‘'rrth  (25.3  per  cent) 
of  the  total  street  area  was  siirfaced  with  Port] -and— cement  concrete.  This  does 
not  include  Portland— cement,  concrete  used  as  a  base  for  sheet  asphalt  pavenents 
or  for  gutters,  curbs,  and  shoulders  to  bituminous  roadways.  Only  ohe-oleventh 
of  the  total  street  area  was  paved  with  vitrified  brick,  wood  block,  or  stone 
block  or  slab,  '  .  . 


8856 


-  5  - 


I.  C.  6431 


/' 


Total  area  of  street  pavanent  laid  in  201  cities,  1925~1929,  "by  types  of  paving 

( In  square  yards ) 


1  1925 

1925  r  1927 

1928 

1929 

Sheet  asphalt  . 

Asnhaltic  concrete  . 

Asphaltic  macadam  . 

Asuhalt  block  . 

Natural  rock  asphalt  ... 
Other  asphaltic  types  .. 
Tar  macadam  . 

Total  bituminous  . 

Portland-cement  concrete 
Brick,  block,  and  stone 
Total 

18,776,011 

9,845,142 

1,346,935 

416,523 

852,725 

1,800,582 

114,433 

19,489, 57^1 ,404,872 
12,188,7001  9,759,280 
1,502,708!  1,369,836 
961,4951  991,092 

814, 444 1  1,163,335 
1,519,812|  1,615,689 
39,0551  27j917^ 

19,135,125 

9,729,686 

1,719,319 

203,987 

1,099,940 

1,295,470 

10,099 

17,932,095 

8,228,577 

2,586,820 

133,788 

1,086,780 

1,699,876 

10.000 

33,152,351 

9,050,054 

5,084J.80 

56,515,587 

11,407,851 

5,615,322 

36,552,021 

15,908,957 

5,703,273 

33,193,626 

15,889,144 

4,412,155 

31,677,:936 

13,777,081 

3,413,019 

47,286,585 

55,538,760 

_ 

57,944,251 

53,494,925 

48,868,036 

The  distrioution  of  street  paving  "by  sections  of  the  country  is  hy  no 
means  proportional  to  the  population.  The  113  cities  which  represent  the 
Northeastern  district  contained  68.1  per  asnt  of  the  total  population  of  the 
201  cities,  hut  laid  only  55.5  per  cent  of  the  total  pavement  put  down  in  the 
United  States  from  1925  to  1929,  inclusive.  On  the  other  hand,  the  22  cities 
of  the  Pacif ic~Rocky  Mountain  district  contained  only  10.2  per  cent  of  the  total 
population  hut  laid  20.5  per  cent  of  the  total  pavement.  Similarly,  the  28 
Southeastern  cities  contained  7.5  per  cent  of  the  total  population  hut  laid  9.1 
per  cent  of  the  total  pavement;  and  the  18  cities  of  the  North-Central  district 
contained  5.3  per  cent  of  the  total  population  and  laid  6.3  per  cent  of  the 
total  pavement.  Cities  of  the  Southwestern  district,  containing  8.9  per  cent  of 
the  total  population,  laid  8.6  per  cent  of  the  total  pavement. 

Total  area  of  street  pavement  laid  in  201  cities.  1925-1929, 

hy  geographic  districts 

(In  square  yards) 


1925  1926 

1927 

1928 

1929 

Northeastern  . 

Southeastern  . 

Southwestern . 

North  Central  . 

Pacific-Hocky  Mountain 
Total 

26,711,257  ! 28, 740, 042 

4,727,107 j  5,696,882 
4,036,221  1  4,427,700 
3,853,8531  3,471,029 
7,958,142  111,203,107 

32,379,220 

5,955,072 

4,942,712 

3,574,668 

11,091.579 

29,711,606 

3,714,401 

4,509,577 

2,792,526 

12,766,815 

27,288,789 

3,621,420 

4,609,738 

2,755,630 

10,592,459 

47,386,685 153,538, 760 
! 

57,944,251 

53,494,925 

48,868,036 

From  1925  to  1929  the  cities  a-nd  towns  with  populations  exceeding 
500,000  laid  less  than  their  proportionate  share  of  the  total  paving.  The  five 
Class  A  cities  with  populations  exceeding  1,000,000 — ^New  York,  Chicago,  Detroit, 
Philadelphia,  and  Los  Angeles — contained  35.6  per  cent  of  the  total  population 
comprised  in  this  s^orvey  hut  laid  only  32.1  per  cent  of  the  total  street  pavement, 
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The  eight  Class  B  cities  of  500,000  to  1,000,000  inhabitants — Baltimore,  Boston, 
Buffalo,  Cleveland,  ’.'lilwa.uicee ,  Pittsburgh,  5t.  Louis,  and  San  Francisco — con¬ 
taining  13.5  uer  cent  of  the  total  population  comprised  in  this  survey  laid 
only  9.3  per  c6nt  of  the  total  pavement.  By  1925  the  larger,  wealthier,  and 
longer  settled  muni cinali ties  had  already  a  large  proportion  of  their  street 
area  surfaced.  The  24  Class  C  cities  of  250,000  to  500,000  inhabitants, 
which  contained  IB. 9  per  cent  of  the  total  population,  laid  16.3  per  cent  of 
the  total  pavement.  The  51  Class  D  i/  cities,  with  100,000  to  250,000  resi¬ 
dents,  contained  16.0  per  cent  of  the  total  population,  and  laid  16.5  per 
cent  of  the  entire  area  of  street  surfacing.  On  the  other  hand,  the  113  Class 
F  — /  municipalities,  with  -oopulations  of  less  than  100,000,  contained  only 
16.0  per  cent  of  the  total  population,  but  laid  25.7  per  cent  of  the  street 
pavement.  These  communities,  especially  those  which  have  grown  rapidly  in  the 
last  five  years,  have  made  greater  efforts  to  pave  streets  in  the  territories 
which  they  have  annexed  or  into  which  they  have  expanded. 


Total  area,  of  street  navement  laid  in  201  cities.  1925--1929 , 

by  pc/pulation  groups 

(In  square  yards) 


1925 

1926 

1927 

1928 

1929 

Class  A  . . . 
Class  B  . .  . 
Class  C  . . . 
Class  D  . . . 
Class  E  . . . 

Total  . . . 

13,083,312 

4,083,575 

8,522,775 

8,244,707 

13,552.216 

15,884,959 

4,717,941 

8,265,222 

9,394,458 

15,278,180 

18,855,856 

5,325,020 

9,104,521 

8,927,954 

15.729,920 

18,714,749 

5,111,777 

8,484,832 

8,672,320 

12,511,2^/7 

17,315,158 

5,011,890 

8,296,574 

7,912,153 

10,332,261 

47,286,585 

53,538,760 

57,944,251 

1 

53,494,926 

48,868,036 

ITevertheless  the  net  increase  of  3e3  per  cent  in  the  total  pavement 
from  1925  to  1929  vras  due  to  the  activities  of  the  larger  cities;  in  the  smaller 
cities  there  was  a  net  decrease  in  paving,  especially  in  1928  and  1929.  Fnereas 
the  five  Class  A  cities  laid  32.3  per  cent  more  street  pavement  in  1929  than  in 
1925,  and  the  ei^t  Class  "S  cities  22.7  per  ceni  more,  the  24  Class  C  cities 
laid  2.6  per  cent  less  pavement  in  1929  than  in  1925,  the  51  Class  D  cities  4.0 
per  cent  less,  and  the  113  Class  E  cities  22.6  per  cent  less. 

DISCUSSION  3Y  TYPES 

^  Bituminous  Pavements 

The  amount  of  bituminous  surfacing  used  on  city  streets  ran  fairly 
parallel  to  the  general  trend  for  all  types  of  paving  but  reached  its  peak  in 
1926  instead  of  1927.  After  increasing  from  33,152,351  square  yards  in  1925  to 
36,515,587  square  yards  in  1926,  the  total  yardage  of  bituminous  pavements  de¬ 
clined  to  36,332,021  square  yards  in  1927,  to  53,193,626  square  yards  in  1928, 

^  Por  list  of  cities  included  in  Class  C,  see  footnote  6,  p.28'  • 

4/  Por  list  of  cities  included  in  Class  D,  see  footnote  7,  p.29. 

5/  Por  list  of  cities  included  in  Class  E,  see  footnote  8,  p.30. 


8856 


«  7  - 


I.  C.  6431 


and  to  31,677,936  square  yards  in  1929.  From  1927  to  1928,  hcmever,  the  de¬ 
crease  of  8.6  por  cent  in  the  area  of  ‘bituminous  paving  coincided  with  a  nation¬ 
wide  decline  of  7.7  per  cent  in  all  tj^es  of  street  paving  from  1927  to  1928 
“but  the  decrease  of  4.6  per  cent  from  1928  to  1929  in  the  area  of  ‘bituminous 
paving  laid  fell  short  of  the  general . decrease  of  8.5  per  cent  in  the  yardage 
of  all  types  of  pavement.  '  Bituxuinous  types  constituted  70.1  per  cent  of  the 
total  street  pavement  laid  in  1925,  68.2  per  cent  in  1926,  and  62.7  per  cent 
in  1927.  But,  though  the  actual  yardage  of  bituminous  pavement  laid  decreased' 
from  1923  to  1929,  its  ratio  to  the  total  pavement  laid  increased  from  62.1 
per  cent  in  1928  to  64.8 'per  cent  in  1929. 

Nearly  fo'or- sevenths  (55.6  per  cent)  of  all  bituminous  surfading  laid 
in  the  201  cities  from  1925  to  1929,  inclusive,  consisted  of  sheet  asphalt. 

L'early  three-tenths  (29.1  per  cent)  of  the  total  comprised  various  types  of 
asphaltic  concrete.  Included  under  this  head  are  asphaltic  concrete,  "stone- 
filled  sheet  asuhalt,"  warrenito-bitulithic,  amiesite,  Topelca,  and  will  it  e. 

Only  one-twentieth  of  the  whole  was  fornjed  by  asphaltic  penetration  macadam. 
Native  rock  asphalt  was  used  to  surface  only  2.9  per  cent  and  asphalt  block 
only  1.6  per  cent  of  all  street  area  paved  with  bituminous  corrpounds.  Miscellan¬ 
eous  bituminous  types  of  surfacing,  including  national,  bessonite,  filbertine, 
oil  macadam,  coal-tar  macadam,  and  others,  furnished  only  4.6  per  cent  of  the  , 
whole. 

Seven-tenths  of  all  bitumihous  surfacing  laid  from  1925  to  1929,  in¬ 
clusive,  in  the  201  cities  comprised  in  this  survey  was  laid  east  of  the  Mis¬ 
sissippi  River.  Three- fifths'  (51.9  per  cent)  of  the  total  was  put  down  in  the 
Northeastern  district,  which  lies  north  of  the  Potomac  and  Ohio  Rivers  and  east 
of  the  Mississippi  River  and  Lake  Michigan.  Onc-twelfth  (8.9  per  cent)  of  the 
total  Tfjas  laid  in  the  Poutheastei’n  district,  which  occupies  the  area  south  of. 
the  Potomac  and  Ohio  Rivers  and  east  of  the  Mississippi  and  Pearl  Rivers.  Little 
more  than  one-eleventh  (9.2  per  cent)  was  used  to  surface  city  streets  in  the 
Southwestern  district,  lying  west  of  the  Mississippi  and  Pearl  Rivers  and  south 
of  St.  Louis.  Kansas  City,  Wichita,  Amarillo,  and  Bl  Paso.  In  the  North-Central 
district,  which  extends  west  of  Lake  Michigan  and  the  Mississippi  River,  north 
of  St.  Louis  and  Kansan  City,  and  east  of  the  Rocky  Mountains,  only  3.8  per  cent 
of  all  the  asphadtic  pavements  were  laid.  The  remaining  16.2  per  cent  of  all 
asphaltic  pavements  laid  in  the  United  States  were  put  down  in  the  Pacific- 
Rocky  Mountain  district,  west  of  Great  Falls,  Cheyenne,  Denver,  Albuquerque,  and 
El  Paso. 


Total  area  of  bituminous  street  pavement  laid  in  201  cities , 

1925-1929,  by  geof^raphic  districts 

(In  square  yards) 


1925 

1926  i  1927 

1928 

1929 

Northeast  ern . 

20,230,775 
3,006,718 
2,901,661 
1,813,340 
5.]  94. 857 

21,573,507  122,534,567 
3,302,104  4,181,856 

3,098,945  3,497,737 

1,490,0241  1,335,433 
7,051,0071  4,782,428 

21,386,441 

2,297,148 

3,173,950 

1,026,948 

5,309,139 

20,008,024 

2,450,448 

2,981,378 

894,121 

5,333,965 

Southeastern  . 

Southwestern  . 

North  Central  ......... 

Pacific-Rocky  Mountain 
Total  . 

33,152,351 

36,515,587  136, 332, 021 

33,193,626 

31,677,936 
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In  iDoth  the  Northeastern  and  the  Sonth-jestern  districts  the  yardage 
of  hitnininous  pavenaent  laid  each  yean  follov^ed  the  national  trend  of  hitnininous 
paving,  rising  to  a  peah  in  1927  and  falling  off  in  1928  and  1929.  In  the 
Southeastern  district  both  the  increase  from  1925  to  1927  and  the  decrease  in 
1928  and  1929  were  proportionately  much  larger.  A  marked  decrease  "both  in 
quantity  and  in  proportion  took  pla.ce  in  the  Nortlh-Centi’a!  district  where  hitrin- 
inous  paving  fell  off  at  an  almost  steady  rate,  until  the  yardage  laid  in  1929 
was  only  49.2  per  cent  of  that  laid  in  1925.  In  the  Facific-Rockj  Mountain 
district  hitnminous  paving  increased  35.7  per  cent  to  its  peak  in  1926,  then 
dropped  32.2  per  cent  in  1927,  and  rose  11.0  per  cent  in  1928  to  a  level  which 
it  maintained  almost  unchanged  in  1929. 

In  comparison  with  the  size  of  cities,  the  distribution  of  asphaltic 
surfacing  of  all  types  has  been  rou^ly  parallel  to  the  distribution  of  street 
paving  in  general.  The  five  Class  A  cities,  which  laid  30.0  per  cent  of  all 
street  pavement,  put  down  33.3  per  cent  of  the  total  asphaltic  pavement.  The 
eight  Class  B  cities  laid  9.9  per  cent  of  the  total  pavement  and  9.2  per  cent 
of  the  asphaltic  pavement.  The  24  Class  C  cities  which  laid  17.1  per  cent  of 
the  total  pavement  put  down  14.6  per  cent  of  the  asphaltic  types.  The  51  Class 
D  cities,  which  laid  16.2  per  cent  of  the  total  pavement,  laid  17.1  per  cent  of 
the  asphaltic  pavements.  The  113  Class  E  cities  laid  25.7  per  cent  of  the  total 
pavement  and  25.8  per  cent  of  the  bituminous  surfa,cing. 


Total  auea  of  bituminous  street  pavemer.t  laid,  in  201  cities, 
1925«-1929,  by  'OGOTilation  grouus 
(In  s  gar  re  yards) 


1925 

1926  i  1927 

1928  1  1929 

Class  A  ... 
Class  B  ... 
Class  C  ... 
Class  D  ... 
Class  E  ... 

Total  . 

9,670,459 

2.721.134 

5.745.135 
5,621,238 
9,394,236 

11,457,158 

3,184,898 

5,170,176 

6,005,263 

10,698,092 

11,941,319 
3,330,687 
4,885,034 
5,845,914 
10,529  ..067 

11,760,930 

3,271,010 

4,442,249 

5,504,763 

8,214,574 

12,007,878 

3,193,191 

4,618,732 

4,745,352 

7 , 107 , 773 

33,152,351 

35,515,587 

56,332,021 

33,193,626 

31,677,936 

At  the  same  time  the  use  of  bituminous  compounds  to  surface  city  streetr 
increased  in  the  larger  cities,  but  decreased  in  the  smaller  cities,  -during  the 
period  under  review.  Althou^  the  five  Class  A  cities  laid  24.6  per  cent  more 
bituminous  pavement  in  1929  than  in  1925  and  the  ei^it  Class  3  cities  17.5  per 
cent  more,  the  24  Class  C  cities  laid  19.6  per  cent  less  bituminous  pavement  in 
1929  than  in  1925;  the  51  Class  D  cities,  15.6  per  cent  loss;  and  the  113  Class 
E  cities,  24.3  per  cent  lews  in  1929  than  in  1925.  The  proportionate  share  of 
the  larger  cities  in  the  total  increased  during  the  period  under  consideration, 
while  that  of  the  smaller  cities  decreased.  Class  A  cities  laid  29.2  per  cent 
of  the  total  in  1925  and  37.9  per  cent  in  1929.  Class  3  cities  laid  8.2  per  cent 

of  t]ie  whole  in  1925  and  10.1  per  cent  in  1929.  The  share  of  Class  C  cities  in 

the  total  decreased  from  17.3  per  cent  in  1925  to  14.6  per  cent  in  1929;  that  of 

Class  D  cities,  from  17.0  per  cent  in  1925  to  15.0  per  cent  in  1929;  and  that  of 

Class  E  cities  from  28.3  per  cent  in  1925  to  22.4  per  cent  in  1929. 
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Sheet  Asplial.t .  —  Seven-ei^atas  of  all  sheet  asphalt  laid  in  the  201 
cities  was  laid  east  of  the  Mississippi  Ri-v*er  and  Loire  Michigan.  Foiar-fifths 
(79.6  per  cent)  of  tae  total  was  laid  in  the  Northeastern  district  and  8.3  per 
cent,  in  the  Sontheastern  district.  ?'est  of  the  Miscisjippi  Hiver  only  7.6  per 
cent  of  the  national  total  was  laid  in  the  Pacific-Rocky  Mountain  district,  only 
0.6  per  cent  in  the  Ncrtli-Central  district,  and  only  2.0  per  cent  in  the  South¬ 
western  district. 


Slceet  asnhalt  street  uavcment  ?.aid  in.  201  cities,  1925-1929,  hy 

i£:eOv^Ta7jhic  die t , .‘J  c':s 
(In  sqirare  yare.s) 


District 

1925 

1926 

1927 

1923 

1929 

Northeastern  . 

Southeastern  . 

Southwestern  . 

North  Central  . 

Pacific-Rocky  Mountain 
Total 

14,634,6^3 
1,720,065 
491,412 
639,058 
__1. 290,333 

15,740,390 
1,308,623 
479 , 351 
585,026 
1,375,977 

16,798,562 
2,451, 319 
■  304,213 
574,612, 
1,495,056 

15,313,943 

1,134,891 

459,133 

459,725 

1,287.432 

14,047,248 

1,410,150 

182,575 

437,831 

1,854.291 

18,776,011 

IS,  1:89, 573 1  21,40e:,872 

19,135,125 

17,932,095 

Most  of  the  sheet  asphalt  was  laid  in  the  larger  cities.  ITearly  half 
(49.7  per  cent)  of  the  total  area  of  streets  surfaced  with  sheet  asphalt  from 
1925  to  1929  was  in  the  five  Class  A  cities  with  populations  of  more  than 
1,000,000.  Eight  Class  3  cities,  containing  from  500,000  to  1,000,000  residents, 
put  do\7n  10.3  per  cent  of  the  total.  An  almost  equal  proportion,  11.1  per  cent, 
was  in  the  24  Clo.ss  C  cities,  wi'ch  populations  of  250,000  to  500,000;  and  a 
slightly  larger  fraction,  12.0  per  cent,  in  51  Class  D  cities,  riiose  populations 
ranged  between  100,000  and  200,000.  Ihe  remaining  15.5  per  cent  wa.s  distributed 
among  113  municipalities  of  Class  S,  with  less  than  100,000  inhabitants  each. 


Slieet  asrhalt  street  uavement  laid  in  201  cities.  1925-1929,  by 

population  greups 
(In  square  yards) 


1925 

1926 

1927 

1928 

1929 

^  •  •  • 

8,636,971 

9,724,850 

10,436,770 

9,593,608 

9,634,009 

Class  3  . . . 

1,734,716 

2,038,197 

2,294,740 

2,192,673. 

2,224,408 

Class  C  . . . 

2,492,968 

1,965,390 

2,131,229 

2,243,750 

1,892,238 

Class  D  . . . 

2,271,972 

2,511,297 

2.,  859,013 

2,270,972 

1,672, 470 

Class  S  , . . 

3,639,384- 

.3,249,139 

3 , 703 , 120 

2,829,122 

2,503.970 

Total  . . 

18,776,011 

19,489,373 

21,404,872 
- - ...  

19,155,125 

17,932,095 

AlthoU;^  the  area  of  sheet  asphalt  laid  was-  14.0  per  cent  greater  in 
1927  than  in  1925,  the  yardage  laid  in  1929  was  16.2  per  cent  less  than  in  1927, 
the  peak  year.  The  largest  relative  decreases  took  place  in  the  smaller  cities. 
In  Class  D  cities  23.4  per  cent  less  sheet  asphalt  vra.s  laid  in  1929  than  in  1925, 
and  in  Class  E.  cities  31.1  per  cent  less.  In  Class  B  cities,  on  the  other  hand, 
the  yardage  of  sheet  asphalt  laid  in  1929  exceeded  that  laid  in  1925  by  28.2  per 
cent.  In  Class  A  cities  the  yardage  of  sheet  asphalt  pavement  followed  the 
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general  national  trend  of  all  TDitaminous  paving  and  of  all  street  pavements, 
rising  to  a  peak  in  1927  and  decreasing  in  1928  and  1929.  Yet  the  yardage  of 
sheet  asphalt  laid  in  Class  A  cities  in  1929  ’.Tas  11.6  per  cent  larger  than  that 
laid  in  1925.  As  a  result  of  these  varying  rates  of  decrease,  the  ratio  of 
sheet  asphalt  laid  in  Class  A  ci.t.ies  to  the  total  increased  from  46.0. per  cent 
in  1925  to  53.7  per  cent  in  1929,  and  in  Class  3  cities  from  9.2  per  cent  in 
1925  to  12.4  ner  cent  in  1929.  Oii  the  other  hand,  the  share  of  Class  C  cities 
decreased  from  13.3  per  cent  of  the  whole  in  1925  to  10. 5  per  cent  in  1929,  of 
Class  D  cities  from  12,1  per  cent  in  1925  to  9.3  per  cent  in  192.9, --and  of  Class 
E  cities  from  19,4  per  cent  in  1925  to  14,0  per  cent,  in  1929. 

Erom  the  geo,graphic  point  of  view,  the  largest  decreases  in  the  use  of 
sheet  asphalt  for  street  paving  took  place  in  interi.or  United  States  west  of 
the  Mississippi  Eiver  and  Lake  Michigan  and  east  of  the  Hocky  Mountains,  In 
the  Southwestern  district  62.8  per  cent  less  sheet  asphalt  was  laid  in  1929- than 
in  1925;  and  in  the  ITorth-Central  district,  31.5  per  cent  less.  In  the- South¬ 
eastern  district  sheet 'asphalt  paving  decreased  18.0  per  cent  during  the  same 
period. 

The  use  of  sheet  asphalt  for  street  paving  tended  to  he  concentrated 
to  a  greater  extent  in  the  northeastern  quarter  of  the  country  and  on  the  Pacif¬ 
ic  coast.  Cities  of  the  Northeastern  district  laid  77.8  per  cent  of  the  total 
sheet  asphalt  in  1925  and  78.1  per  cent  in  1929;  and  cities  of  the  Pacific- 
Rocky  Mountain  district,  6.9  per  cent  of  the  total  in  1925  and  10.3  per  cent  in 
1929. 

Asphaltic  Concrete.  -  Only  two-fifths  of  the  asphaltic  concrete  laid 
from  1925  to  1929,  inclusive,  in  the  201  cities  comprised  in  this  survey  was  put 
down  east  of  the  Mississippi  River,  Less  than  one-third  (30.7  per  cent)  was 
laid  in  the  Northeastern  district,  although  this  district  laid  61,7  per  cent 
of  the  total  hitamiiicus  pavement.  In  the  Southeastern  district  8,8  per  cent  of 
the  total  aspha-ltic  concrete  vvas  put  down,  which  corresponded  fairly  well  with 
the  8.9  per  cent  of  all  hituminous  pavements  laid.  West  of  the  Mississippi 
River  more  than  one-third  (36.0  per  cent)  was  put  down  in  the  Pacific-Rocky 
Mountain  district,  althou^  this  district  laid  only  16.3  per  cent  of  all  hitam- 
inous  paving.  In  the  Southwestern  district,  the  proportion  of  the  total  asphal¬ 
tic  concrete  laid,  18.1  per  cent,  was  almost  double  the  proportion,  9.2  per  cent, 
of  all  asphaltic  pavements.  Only  6,4  per  cent  of  the  total  asphaltic  concrete 
was  laid  in  the  North  Central  district,  wiiich  laid  only  3.9  per  cent  of  the 
total  bituminous  pavement . 


Asphaltic  concrete  street  -pavement  laid  in  201  cities.  1925-1929, 

b.v  geogra-ohic  districts 

 (In  square  yards)  


District  1  1925 

1925  3927  1  1923  ;  1929 

Northeastern  . 

Southeastern  . 

Southwestern  . 

North-Central  . 

Pacific-Rocky  Mountain 
Total  . 

3,230,736 

783,777 

1,661,126 

1,030,836 

3,138.667 

3,263,644 

1,019,797 

1,932,728 

695,946 

5,276.535 

3,379,085 

886,503 

2,067,804 

720,729 

2,705,159 

2,951,764  i  2,460,161 
921,782  1  760,610 

1,738,035  !  1,588,957 
401,633  1  352,941 

3.716.472  1  3.065.908 

9.845.142 

12,188,700 

9,759,280 

9,729,686  1  8.228.577 
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The  use  of  asphaltic  concrete  for  city  street  paving  increased  23.8 
per  cent,-  from  9,845,142  sqi:^re  yards  in  1925  to  a  maximum  of  12,188,700  square 
yards  in  1926,  then  d ecr eased  nut il  only  8,228,577  square  yards  was  laid  in 
1929,  or  16.4  per  cspnt  less  than  in  1925.  Except  in,  the  North  Central  district, 
where  the  laying  of  asphaltic  concrete  dropped  65.8  per  cent  from  1925  to  1929, 
this  trend  was  general  throu^out  the  nation.  In  the  Pacific-Eochy  Mountain 
district  the  changes  were  more  exaggerated.  '  • 

More  than  three-fourths  of  the  asphaltic  concrete  '\^s  laid  from  1925 
to  1929  in  cities  of  less  than  500,000  population,  and'raore  than  five-ninths  of 
it  in  cities  of  less  than  250,000  population.  The  five  Class  A  cities  with 
populations  of  more  than  1,000,000,  laid  only- 13.5  per  cent  of  the  total;  and 
the  eight  Cla.ss  B  cities,  ranging  in  population  from  500,000  to- 1,000,000,  only 
9.0  per  cent-.  The  24  Class  C  cities  laid  21.6  per  cent^  ,of  the  asphaltic  con¬ 
crete,  althou^  they  laid  only  14.7  per  cent  ..of  the  totals 'bituminous  pavement. 
Similarly,  the  51  Class  D  cities,  containing  100,000  to  250,000  inhabitants,  ' 
laid  23.6  per  cent  of  the  asphaltic  concrete,  but  only  17.1  per  cent  of  the 
total  bituminous  pavement.  Nearly  one-third  (32.4  per  cent)  of  the  asphaltic 
concrete  was  laid  in  .the  113  Class  D  cities  of  less  than  100,000  population, 
althou^  these  laid  only  26.8  per  cent  of  the  total  bituminous  pavement. 


Asuhaltic  concrete  street  uavement  laid  in  201  cities,  1925-1929, 

by  papulation  groups  I. 

(In  square  yards) 


1925 

1926 

1927  ' 

1928  • 

'  .  1929 

Class  A  . . . 

840,157 

1,430,852 

1,159,674  ■ 

1,771';392 

1,496,198 

Class  B  ... 

859,463 

956,510 

886,133  . 

.,•.884,842 

■'  885,421  -• 

Class  C  ... 

2,591,872  ’ 

2,717,049 

2,052,788 

1,545,745 

1 , 837 , 570 

Class  D  ... 

2,614,112 

2,403,611 

2,375,969 

2,476,083 

1,856,345 

Class  E  ... 

2,939,538 

4,680,678 

3.284,716 

3,051,624 

2,153,043 

Total  . . 

9,845,142 

12,188,700 

9,759,280 

9,729,686 

8,228,577 

Asphaltic  Macadam.  -  The  use  of  asphaltic  penetration  macadam  to  sur¬ 
face  city  streets  is  localized  largely  in  the  northeastern  quarter  of  the  United 
States.  Six-sevenths  (85.5  per  cent)  of  the-  total  area  of  macadam  treated  with 
asphalt  by  the  penetration  method  put  down  from  1925  to  192,9 ,  inclusive,  in  the 
201  cities  was  laid  north  of  the-Potomac  and  Ohio  Eivers  b-nd  east  of  the  Missis¬ 
sippi  River  and  Lake  Michigan,  chiefly  in  Massachusetts,  Connecticut,  Rhode 
Island,  and  Illinois.  Of  the  remaining  one-seventh  the  greater  part  v^as  spread 
in  the  North-Central  district  lying  west  of  Lake  Michigan  and  the  Mississippi 
River,  chiefly  in  Wisconsin. 


Asphaltic  macadam  street  pavement  laid  in  201  cities,  1925-1929, 

.geographic  districts  . 

(In  square  yards)  .  ^ 


District 

1925 

1926 

1927 

.  1928 

1929 

Northeastern  . ". . 

1,157,272 

41,217 

148,445 

1,261,976 

31,680 

209,052 

1,113,494 

16,250 

240,092 

1,464, 102 
69, ,628 

185,589 

2,292,282 
'41 , 193 
151,192 
'  101,566 

587 

Southeastern  . 

Southwestern  . 

North-Central  . . . 

Pacific-Rocky  Mountain 
Total  . 

1,346, 935 

1,502,708 

1 , 369 , 836 

1,719,319 

2,586,820 
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Even  more  than  asphaltic  concrete,  the  use  of  asphaltic  penetration 
macadam  is  characteristic  of  the  smaller  cities  and  tovais.  ITearly  four-fifths 
of  the  asphaltic  macadan  laid  in  the. 201  cities  caavassed  v^s  put  doTm  in 
municipalities  having  populations  of' less  than  250,000.  ITeariy  one-half  (49.4 
per  cent)  was  laid,  in  Class  E  cities  with  less  than  100,000  residents;  and 
three-tenths  ('29.6  per  cent)  in  Class  D  cities  numhnring  from  100,000  to  250,000 
inhabitants.  Only  onc-ei^th  (12^2  per  cent)  of  the  total  was  laid  in  the  five 
Class  A  cities  with  over  1,000,000  population;  and  only  8.7  per  cent  in  the 
ei^t  Class  E  cities  ranging  in  population  f.rom  500,000  to  1,000,000. 

Asphaltic  macadam  street  pavement  laid  in  201  cities.  1925-1929,  by 

pop'V'jation  gr^oi^ns 
(In  sqparo  yards) 


1925  T 

1926 

1927 

1928 

1929 

Class  A  . . . 

126,851  j 

190,327 

85,462 

133,597 

503,789 

Class  B  ... 

122,385 

,136,501 

149,814 

193,495 

83 , 362 

Class  C  . . . 

2,003  1 

5,931 

— • 

Class  D  . . . 

356,142  i 

475,702 

278,859 

549 , 633 

838,316 

Class  E  ... 

739.554  ■  1 

649,678 

855,701 

836v663 

1.126.353 

Total  . . 

1,346,935  1 

1,502,708 

1,369,836 
_ 1 

1,719,319 

2,586,820 

Asphalt  Bloch 


I.,’- 


.  All  of  the  asphalt  block  ws-s  laid  east  of  the  Mississippi  River.  More 

than  seven-tenths  (71.9  per  cent)  of  the  total  was  laid  in  the  Southeastern 
district,  lying  south  of  the  Potomac  and  Ohio  Rivers,  all  in  Plorida,  and  only 
23.1  per  cent  in  the  Northeastern  district,  lying  north  of  those  rivers,  almost 
entirely  in  New  York  and  Ohio. 


Nearly  three-fifths  of  all  asphalt  block  set  in  the  201  cities  was 
laid  in  Class  E  municipalities  of  less  than  100,000  inliabitants,  and  27  per  cent 
in  Class  D  cities,  with  populations,  of  100,000  to -250,000.  She  remaining  one- 
seventh  was  laid  in  the  city  of  New  York.  -  • 

I 

Native  Rock  Asphalt.  -  Nearly  five-sixths  (82. ’5  per  dent)  of  the  total 
area  surfaced  with  native  rock  asphalt  in  the  201  cities  duririg  the  five  years 
ended  December  31,  1929,  vyas  laid  in  the  Southwestern  district,  chiefly  in 
Texas,  Louisiana,  Oklahoma,,  and  Kansas.  Only  9.2  per  dent  was  laid  in  the 
Southeastern  district,  chi eflj’’  in  Alabama,  Tennessee,  and  West  Virginia,  and 
only  8.3  per  cent  in  the  Northeastern  district,  chiefly  in  Illinois  and  Ohio. 

Native  rock  asphalt  street  pavement  laid  in 201  cities,  1925-1929 , 

■ ;  by  geopiraphic  districts 


1925 

11  OM  c  ,y  c-j.  U.W)  j 

1926  i.  1927 

1928 

1929 

Northeastern  . 

88 , 209 
67,922 
695 , 594 

129,109  1  78,756 

39,9261  75,835 

645,409  1  1,008,694 

111,617 

103,344 

884,979 

9,564 

172,096- 

905,120 

Southeastern  . 

S  outhw  e  3 1  er n  . 

North-Central  . 

Paci'iic-Rocky  Mo-ur.tain 
Total . 

852,725 

814,444  1,163,335 

1,099,940 

1,086,780 
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,  Seven- tenths  of  the  rock  asphalt  was.  laid  in  cities  of  middle  size 
during  th®  period  from  1925  to  the  end  .of  1929.  Over  five-ninths  (57.1  per 
cent)  was  laid  in.  Class  C  cities,  with  populations  ranging  h etween.  250,000  and 
500,000;  and  13.5  per  cent  in  Class  D  cities,  containing  from  100,000  to  250,000 
inhabitants.  Class  E  cities,  which  numbered  less  than  1.00,000  residents,  laid 
27.7  per  cent.  ’  ■  .  ' 


ITatiV'.D  rock  asnhalt  street  •pavement  laid  in  201  cities. 

,  ■  .  •  1925-1929,  by.  .population  groups  ,  . 

■ ■  '  (In  square  yards) 


1925 

1926 

1927 

1928 

1929 

Cl§.ss  A" . . .  .  .  .  . 

. . 

— —  . 

31,724  •• 

. —  •49,918 

1  ^ 

— 

Class  B . ". . 

4,570 

3,690 

...  -  . 

-  - 

. . 

Class  C  . 

591 , 754 

427,884 

540,141 

•  505,789 

■  ■  '  '796,924 

Class  D . . . 

79,096 

10,484 

118,210 

•  197,794 

■  ■  '273,943 

Glass  E  . 

.177,305 

372.38,6 

473/260 

346:439 

■ ■  ‘  15,913 

Total  .... 

852,725 

814,444 

1,163,335 

1,099,940 

1,086,780 

Miscellaneous  Bituminous  Pavements.  -  Three-fifths  of  the  total  area 
of  miscellaneous  bituminous  types  of  surfacing  laid  in  the  201  cities  was  put 
down  in  the  Northeastern  district.  Over  three-tenths  (31.1  per  cent)  was  laid 
in  the  Pacific-Rochy  Mountain  district,  especially  in  California.  Only  5.8  per 
cent  of  the  total  was  laid  in  the  Southwestern  district,,  and  only. .3.2  per  cent 
in  the  Southeastern  district. 


Miscellaneous  bituminous  street  pavements  laid  in  201  cities,  1925-1929, 

by  geographic  districts 

(In  square  yards)  '  •  .; 


District 

1925 

1926 

1927 

1928  . 

•  .1929 

Northeastern  . 

877,808 

,958 , 502 

907,272 

89  8, -43 2 

1,110,884 

Southeastern  . 

104,888 

121,408 

10,188 

— 

20,496 

Southwestern  . . 

52,529 

41,457 

117,026 

91,803 

153,534 

North— Central  . 

1,783 

Pacific-Rocky  Mountain  ■ 

765.357 

398.445 

581,203 

30.5  „  235 

413! 179 

Total  . 

1,800,582 

li 519,812 

1,61 5.,  689 

1,29,5,470 

1,69.9, 876 

>• . 

Eive-sixths  (82.9  per  cent)  of  the  area  of  miscellaneous  bituminous 
types  of  pavement  laid  in  the  201  cities  from  January  1,  1925,  to  December  31, 
1929,  was  put  down  in  Class  E  cities  of  less  than  100,000  inhabitants  each.  Six 
per  cent  was  laid  in  Class  D  cities  of  100,000  to  250,000  residents,  6.6  per 
cent  in  Class  C  cities  of  250,000  to  500,000  population,  'and  4.4  per  cent  in 
Glass  A  cities  numbering  over  1,000,000  inhabitants. 
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The  national  trend  in  the  use  of  Portland- cement  concrete  for  street 
paving  was  paralleled  fairly  closely  hy  the  Pacific-Bocky  Mountain  district 
and  the  Northeastern  district,  and  in  a  general  way  hy  the  Southeastern  dis¬ 
trict  and  the  North- Central  district.  In  the  Southwestern  district  the  use 
of  Portland  cement  concrete  for  street  paving  increased  moderately  and  fairly 
evenly  up  to  1928,  hut  rose  sharply  in  1929.  * 

Prom  19.1  per  cent  in  1925  the  share  of  Portland-cement  concrete  in 
the  total  area  of  paving  laid  grew  steadily  to  "29 . 7  per  cerit  in  1928,  hut 
dropped  to  28.2  per  cent  in  1929.  The  highest 'prouortionate  gain  over  the 
whole  period  took  place  in  the  Northeastern  district,  where'  the  share  of  Port- 
land-cement  concrete  in  the  total  rose  from  9.9  per  cent  in  1925  to  17.1  per 
cent  in  1929.  In  the  Southeastern  district  the  ratio  of  Portland-cement  con¬ 
crete  to  the  whole  paving  increased  from  17.9  per  cent  in. 1925  to  26.4  per  cent 
in  1929,  after  a  brief  drop  in  1926.  In  the  Southwestern  district  the  propor¬ 
tion  of  Portland-cement  concrete  to  the  total  pavement-,  after  varying  from 
1925  to  1928  between  21.5  and  23.5  per  cent,  rose  in  1929  to  28.0  per  cent.  In 
the  North-Central  district  a  slow  but  fairly  steady  increase  brought  the  per¬ 
centage  of  Portland-cement  concrete  from  49.6  per  cent  of  the  total  pavement  in 
1925  to  58.8  per  cent  in  1929.  Nest  of  the  Rocky  Mountains  the  share  of  Port¬ 
land-cement  concrete  in  the  total  paving  increased  from  34.5  per  cent  in  1925 
to  58.6  per  cent  in  1928,  but  dropped  to  49.6  per  cent  in  1929. 

In  general,  the  use  of  Port land- cement  concrete  for  street  paving  is 
distributed  among  cities  of  various  sizes  roughly  in  proportion  to  the  total 
pavement  laid.  For  instance,  Class  A  cities  laid  30.0  per  cent  of  the  Portland- 
cement  concrete  and  31.5  per  cent  of  the  total  paving  laid  in  the  201  municipal¬ 
ities.  Class  B  cities  laid  7.8  per  cent  of  the  Portland-cement  concrete  and 
9.4  per  cent  of  the  total  pavement.  More  variation  is  -shown  in  the  medium-sized 
and  smaller  cities.  In  Class  C  cities  22.0  per  cent  of  the  Portland-cement  con¬ 
crete  WO.S  laid  as  compared,  with  16.4  per  cent  of  the  total  pavement.  Class  D 
cities  laid  18.8  per  cent  of  the  Portland-cement  concrete  and  16.7  per  cent  of 
the  total  pavement;  and  Class  E  cities,.  21.4  per  cent  of  the  Portland-cement 
concrete  and  25.9  per  cent  of  the  total  pavement. 


Portland-cement  concrete  street  uavement  laid  in  201  cities , 

1925-1929.  by  population  groups 
(In  square  yards) 


1925 

1926 

1927  -  .• 

1928 

1929 

Class  A  . 

1,873,737 

2,776,423 

5,060,395 

5,650,751 

4,421,605 

Class  B  . 

604,374 

963,141 

1,223,780 

1,243,799 

1,132,310 

Class  C  . . . . j 

2,249,853 

2,518,514 

3,426,845 

; 3,385,838 

2,959,896 

Class  D  . . . . , 

2,074,780 

2,371,868 

2,594,545 

2,679,039 

2,674,530 

Class  E  . . . , , 

2,247.310 

2,777,905 

3. 603.,  392 

2.929,717 

2,588.740 

Total  . . . , 

9,050,054 

11,407,851 

15,908,957 

15,889,144 

13,777,081 

The  trend  in  the  use  of  Portland-cement  concrete  was  fairly  generally 
distributed  tlirouj^out  cities  of  all  sizes.  In  Class  A 'and  Class  B  cities  the 
rate  of  increase  up  to  1928  and  the  rate  of  decrease  in  1929  were  sharper  than 


8856 


16  - 


I.  C.  6431 


Miscellaneous  “bit-uininous  street  pavenents  laid  in  201  cities,  1925-1929 , 

“by  pouulation  groups 
(In  square  yards) 


1925 

1926 

1927 

1923 

1929 

Class  A  . . . . 

•  —  — 

49,903 

111,581 

144,376 

327,277 

Class  B  . . . . 

— 

— 

— 

— 

Class  C  . . . . 

66,538 

59,353 

160,876 

141,034 

92,000 

Class  P  . . . . 

134,133 

278,373 

42,177 

8,009 

18,385 

Class  E  . . . . 

1,599,861 

1,132,183 

1,301, 055 

1,002,051 

1.262,214 

Total 

1,800,582 

1,519,812 

1,615,689  ■ 

1,295,470 

1,699,876 

Portl.and-Cement  Concrete 


The  total  street  area  surfaced  with  Portland-cement  concrete  increased 
26.1  per  cent,  from  9,050,054  square  yards  in  1925  to  11,407,851  square  yards 
in  1926,  39.5  per  cent  to  15,908,957  square  yards  in  1927,  hut  declined  0.1 
per  cent  to  15,889,144  square  yards  in  1928,  o,nd  dropped  13.3  per  cent  to 
13,777,081  square  j'ards  in  1929.  Prom  1925  to  1927  the  yardage  of  Portland- 
cement  concrete  increased  75.8  per  cent,  while  the  total  area  of  street  pavement 
laid  in  the  201  cities  increased  only  22.7  per  cent.  The  decrease  of  0.1  per 
cent  in  Port land-cement  pavement  from  1927  to  1928  coincided  with  a  decrease  of 
7.5  per  cent  in  the  yardage  of  all  types  of  pavement,  hut  the  decrease  of  13.3 
per  cent  in  the  area  of  Portland-cerncnt  concrete  laid  from  1928  to  1929  was 
greater  than  the  decline  of  8.7  per  cent  in  the  total  pavement  laid. 

Tliree-fifths  of  the  Port  land-cement  concrete  pavement  laid  in  the  201 
cities  from  1925  to  1929,  inclusive,  was  put  down  west  of  the  Mississippi  Hiver 
and  Lake  Michigan,  althoU;^i  only  35.8  per  cent  of  the  total  pavement  was  laid 
in  this  vast  region’.  !Iearly  two-fifths  (39.3  per  cent)  was  laid  in  22  cities 
of  the  Pacific-Rocky  Mountain  district,  although  these  cities  contained  only 
10.6  per  cent  of  the  total  population  and  laid  only  20.7  per  cent  of  the  total 
pavement.  More  than  one-fourth  (27.4  per  cent)  of  the  total  was  laid  in  Cali¬ 
fornia,  although  this  State  laid  only  one-sixth  (16.1  per  cent)  of  the  total 
street  pavement.  Cities  of  the  North-Central  district  laid  13.6  per  cent  of  the 
Portland-cement  concrete,  but  only  6.4  per  cent  of  the  total  pavement;  and  cities 
of  the  Southwestern  district,  8.1  per  cent  of  the  Portland-cement  concrete,  in 
comparison  with  8.7  per  cent  of  the  total  pavement.  East  of  the  Mississippi 
River,  nearly  one-third  (32.0  per  cent)  was  laid  in  the  Northeastern  district, 
which  put  down  55.0  per  cent  of  the  total  pavement;  and  7.0  per  cent  in  the 
Southeastern  district,  which  laid  9.2  per  cent  of  the  total  pavement. 

Portland-cement  concrete  street  pavement  laid  in  201  cities , 


1925-1929.  by  geo^rauhic  districts 


fin  sauare  yard 

•s) 

Pi  strict 

1925 

1926 

1927 

1928 

1929 

Northeastern . . 

Southeastern  . 

Southwestern  . 

2,636,091 

846,621 

908,577 

1,910,141 

2,748,624 

3,558,965 

809,962 

1,040,725 

1,847,964 

4,150,235 

5,458,370 
1,023, 251 
1,064,695 
2,056,513 
6,306,128 

4,838,113 

992,050 

1,030,400 

1,571,858 

7,456,723 

4,655,813 

955,223 

1,289,727 

1,621,428 

5,254,890 

North-Central  . 

Pacific-Rochy  Mountain 
Total  . 

9,050,054 

11,407,851 

15,908,957 

15,889,144 

^,777.081 

•—  15  — 
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the  general  trend  and  in  Class  C  cities  they  Tvere  reraarkahly  parallel  to  it. 

In  Class  D  cities  there  was  a  fairly  even  rate  of  increase  from  1925  to  1929. 

In  Class  E  cities,  however,  the  peah  was  reached  in  1927  and  the  decline  from 
1927  to  1929  was  sharper  than  the  general  decline. 

Brick,  Block,  and  Stone 

The  area  of  city  streets  surfaced  with  vitrified  hrick,  wood  block, 
stone  block  or  slab,  increased  12.2  per  cent,  from  5,084,180  square  yards  in 
1925  to  5,703,273  square  yards  in  1927,  but  dropped  22.4  per  cent  to  4,412,155 
square  yards  in  1928  and  21 -.9  per  cent  to  3,413,019  square  yards  in  1929.  The 
rate  of  incres-se  for  brick,  block,  and  stone  pavements  from  1925  to  1927  was 
more  than  one-third  less  than  the  general  rate  of  increase  in  paving,  while  the 
rates  of  decrease  from  1927  to  1929  were  more  than  three  times  the  general  rate 
of  decrease  in  all  paving.  The  share  of  brick,  block,  and  stone  in  paving  the 
city  streets  decreased  steadily  from  10.8  per  cent  in  1925  to  7.0  per  cent  in 
1929. 

Nine-tenths  of  all  brick,  block,  and  stone  street  pavements  laid  in 
the  201  cities  was  put  doum  east  of  the  Mississippi  River  and  Lake  Michigan. 
Nearly  three-fourths  (74.1  per  cent)  was  laid  north  of  the  Potomac  and  Ohio 
Rivers,  and  15.9  per  cent  in  the  Southeastern  States.  West  of  the  Mississippi 
River  and  Lake  Michigan,  only  6.4  per  cent  of  the  national  total  was  laid  in  the 
Southwestern  district , only  3.6  per  cent  in  the  North-Central  district,  and  only 
0,1  per  cent  in  the  Pacific-Rocky  Mountain  district. 


Brick,  block,  and  stone  street  pavements  laid  in  201  cities , 
1925-1929,  by  g:eogra.phic  districts 

(In  square  yards)' 


District 

1925 

1926 

1927 

1928 

1929 

Northeastern  . 

Southeastern  . 

Southwestern  . 

North-Central  . 

Pacific-Rocky  Mountain 
Total  . 

3,844,391 

873,768 

225,983 

125,377 

14,661 

3,607,570 

1,584,816 

288,030 

133,041 

1.865 

4,386,283 

750,965 

380,280 

182,722 

3,023 

3,487,052 

425,203 

305,227 

193,720 

953 

2,624,952 

205,749 

338,633 

240,081 

3,604 

5,084,180 

5,615,322 

5,703,273 

4,412,155 

3,413,019 

The  sharpest  decreases  in  the  use  of  brick,  block,  and  stone  pavements 
occurred  in  the  Southeastern  district,  where  only  23,6  per  cent  of  the  area  sin*- 
faced  with .brick,  block,  and  stone  in  1925  was  so  paved  in  1929;  and  in  the 
Northeastern  district,  whore  only  68.3  per  cent  of  the  area  paved  with  brick, 
block,  and  stone  in  1925  was  so  paved  in  1929.  In  the  Southwestern  district, 
however,  the  area  paved  with  brick,  block,  and  stone  was  49.9  per  cent  larger 
in  1929  than  in  1925;  and  in  the  North-Central  district,  91.5  per  cent  larger. 

Brick,  block,  and  stone  pavements  wore  laid  chiefly  in  the  largest  and 
in  the  smallest  of  the  201  cities.  Throe-tenths  (29.9  por  cent)  of  the  total 
yardage  of  brick,  block,  and  stone  street  pavement  was  laid  in  the  five  Class  A 
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cities,  chiefly  in  ilew  York,  and  30.2  per  cent  in  the  113  Class  E  cities, 
Ei^t  Class  B  cities  laid  13.9  per  cent  of  the  total;  24  Class  C  cities,  13.5 
per  cent;  and  51  Class  D  cities',  12.5‘per  cent.-  ,  . 

£tone 

Erick,  block,  and^street  pavement  laid  in  201  cities,  1925-1929 , 

hy  poenlation  ,s:roups 

■  '  ■  ■  '  (In  square  yards)  ,  .  .  .><  • 


1925- 

•'  1926-...‘ 

1927 

1928 

1929. 

Class  A  . 

1,539,116 

1,-651  ,-378  ■ 

.'.1,855,122 

1,303,068 

885,675  ' 

Class  B  . . 

758 , 067 

569,902 

770,553  , 

596,968 

681,389 

Class  C  . . 

527,737 

574,532 

792,642 

656,745 

717,946 

Class  D  . 

548,639 

1,017,327 

. .  487,495 

488,518 

■  492,261 

Class  E  . 

1,710,621 

1,802.183 

1,797,461 

1,366,856 

635,748 

To'ts.l  • « •  • 

1 

5,084,180 

5,615,322. 

5,703^273 

.4,412,155 

3,413,019 

Erom  the  standpoint  of  size,  the  most  marked  decreases  in  the  use  of 
hrick,  hlock,  and  stone  pavements  took  place  in  the  largest  and  in  the- smallest 
cities.  In  Class  A  cities  the  use  of  hrick,  hlock,  and  stone  to  pave  city 
streets  decreased  42.4  per  cent  from  1925  to  1929  and  in  Class  E  cities  62.8  per 
cent.  In  Class  B  cities  the  street  area  surfaced  with  hrick,  hlock,  and  stone 
was  only  10.1  per  cent  less^than  1925,  and  in  Class  D  cities  only  10.3  per  cent 
less.  On  the  other  hand,  in  Class  C  cities  the  area  siir faced  with  hrick,  hlock, 
and  stone  was  36.0  per  cent  larger. 

Discussion  BY  DISTHICTS 
northeastern  District 

Eive-ninths  (55.2  per  cent)  of  all  hard-surfaced  pavements  laid  in 
the  201  cities  comprised  in  this  survey  from  1925  to  1929,  inclusive,  were  laid 
in  the  northeastern  district  lying  north  of  the  Potomac  and  Ohio  Rivers  and 
east  of  the  Mississippi  River  and  Lake  Michigani  The  113  cities  of  this  dis¬ 
trict  from  which  data  were  received  contained  68.1  per  cent ■ of  the  total  urban 
population  covered  hy  this  survey,  nearly  49  per  cent  of • its ■ inhabitants  live 
in  cities  of  over  40,000  residents.  Pour  of  the  five  Class  A  cities  of  over 
1,000,000  population,  five  of  the  ei^t  Class  E  cities  of  S00,000  to  1  ,000,000 
population,  and  10  of  the  24  Class  C  cities  of  250,000  to  500,000  population 
lie  in  this  district.  Although  the  northeastern  district  comprises  only  about 
12.4  per  cent  of  the  area  of  continental  United  States,  it  contained  in  1930 
over  48  per  cent  of  the  total  population  and  64. 4  per  cent  of  the  urban  popula¬ 
tion  living  in  communities  of  over  40,000  inhabitants.  In  it  is  conducted  seven- 
tenths  of  the  manufacturing  of  the  Ilation,  as  measured  hy  the  number  of  wage- 
earners,  the  value  of  products,  and- the  primary  horsepower  employed. 
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Street  pavement  laid  in  Northeastern  district,  1925--1929.  "by  types 

(In  squai-e  yards) 


1925 

1926 

1927 

1928 

1929 

Sheet  asphalt 

14,634,645 

15,740,390 

16,798,652 

15,813,943 

14,047,243 

Asphaltic  concrete 

3,230,736 

3,263,644 

3,379,035 

2,951,764 

2,450,161 

Asphaltic  macadam 

1,157,272 

1,261,976 

1,113,494 

1,464,102 

2,292,282 

Asphalt  "block 

127,674 

180,831 

229,381 

136,484 

77,885 

Natural  rock  asphalt 

88,209 

129,109 

78,756 

111,617 

•  9,564 

Other  asphaltic  types 
of  paving 

877,808 

958,502 

.907,272 

898,432 

1,110,884 

Tar  macadam 

114,435 

39.055 

27,917 

10.099 

10.000 

Total  "bituminous 

20,230,775 

21,573,507 

22,534,567 

21,386,441 

20,008,024 

Portland-cement  concrete 

2,636,091 

3 , 558 , 965 

5,458,370 

4,838,113 

4,655,813 

Brick,  "block,  and  stone 

3,844.391 

3,607,570 

4,386,283 

3,487,052 

2.624,952 

Total  . 

— — - - - 

26,711,257 

28,740,042 

32,379,220 

29,711,606 

27,238,789 

Nearly  three-fourths  (73.0  per  cent)  of  the  street  area  paved  in  the 
Northeastern  district  from  1925  to  1929,  inclusive,  wa-s  surfaced  with  "bituminous 
mixtures.  Sheet  asphalt  constituted  72.9  per  cent  of  all  the  "bituminous  pave¬ 
ments  and  53.2  per  cent  of  all  "hard-surfaced  pavements  laid  in  the  district 
during  that  period.  Five  States,  New  rork,  Pennsylvania,  Ohio,  Michigan,  and 
Illinois,  laid  nearly  five-sixths  of  the  sheet  asphalt.  Asphaltic  concrete 
formed  only  14.5  per  cent  of  the  total  "bituminous  pavement;  asphaltic  penetration 
macadam,  6.9  per  cent,  miscellaneous  "bituminohs  types,  4.5  por  cent  of  the 
"bituminous  surface.  Only  small  percentages  of  asphalt  "block,  of  natural  rock 
asphalt,  and  of  coal-tar  macadam  were  laid.  '■ 

Although  the  total  area  surfaced  with  "bituminous  mixtures  in  the  North¬ 
eastern  district  rose  and  fell  with  the  increases  and  decreases  in  all  paving 
from  1925  to  1929,  it  declined  1.1  per  cent,  in  yardage  over  the  five-year  period 
and  dropped  in  relative  importance  from  75.7  per  cent  in  1,925  to  73.3  per  cent 
In  1929.  A  similar  trend  occurred  in  the  laying  of  sheet  asphalt.  The  decline 
in  "both  the  yardage  and  the  relative  importance  of  asphaltic  concrete  over  the 
five-year  period  was  largely  compensated  "by  an  increase  in  the  laying  of  asphal¬ 
tic  penetration  macadam,  especially  in  1928  and  1929.  Miscellaneous  "bituminous 
pavements  generally  rose  in  1926,  declined  during  1927  and  1928  "both  in  yardage 
and  in  relative  importance,  "but  rose  in  1929  to  a  yardage  26.6  per  cent  larger 
than  in  1925.  ,  ■ 

A"bout  14.5  per  cent  of  the  total  street  pavement  laid  in  the  North¬ 
east  district  from  1925  to  1929  consisted  of  Portland-cement  concrete.  During 
this  period,  the  street  area  paved  with  Portland-cement  concrete  more  than 
dou'bled,  increasing  from  2,636,091  square  yards  in  1925  to  5,458,370  square  yards 
in  1927,  "but  dropped  to  4,838,113  square  yards  in  1923  and  to  4,655,813  square 
yards  in  1929.  The  rate  -of  increase  from  1925  to  1927,  107.1  per  cent,  was  more 
than  five  times  the  general  increase  in  paving  in  the  Northeastern  district 
during  that  period.  On  the  other  hand,  the  decrease  of  14.7  per  cent  from  1927 
to  1929  fell  short  of  the  rate  of  general  decrease  in  paving  this  district,  15.9 
per  cent.  Consequently,  the  proportion  of  Portland-cement  concrete  to  total 
pavement  increased  fairly  steadily  from  9.9  por  cont  in  1925  to  17.1  per  cent  in 
1929. 
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About  one-ei^th  (12.4  per  cent)  of  the  total  area  of  street  pavement 
laid  in  the  ITortheastern  'district  consisted  of  vitrified  brick,  stone  block 
or  slab,  or,  v;ood  block. 

The  area  of  street  pavement  surfaced  with  brick,  block,  and  stone  in 
the  ITortheastern  district  increased  from  3,844,391  square  yards  in  19.25  to 
4,386,283  square  yards  in  1927,  but  decreased  to  5,487,052  square  yards  in  1928 
and  to  2,624,952  square  yards  in  1929.  The  increase  of  14.3  per  cent  in  brick, 
block,'  and  stone  pavement  laid-from  1925  to  1927  fell  one-quarter  short  of  the 
general  increase' of  21.2  per  cent  in  all  pavement  laid  in  the  Northeastern 
district,  while  the  decrease  of -20.5  per  cent  from  1927  to  1928  was  two  and  one- 
half  times  the  general  decrease  of  8.5  per  cent  iir  all  paving  laid  in  the  North¬ 
eastern  district;  and  the  decrease  of  24.7  per  cont  from  1928  to  1929  was  nearly 
three  times  the  general  decrease  of  8.5  per  cent  in  all  paving.  '  Consequently, 
the  share'  of  bric/t,  block,  and  stone  pavements  in  the  total  street  pavement  laid 
in  the  Northeastern  'district  decreased  from  14.4  per  cent  in  1925,  12.6  per  cent 
in  1926,  and  13.5  per  cent  in  1927  to  11 .7- per-cent  in  1928  and  9.6  per  cent  in 
1929.  •  - 

Southeastern  District 

Only  9.2  per  cent  of  the  total  pavement  comprised  in  this  survey  was 
laid  in  the  Southeastern  district,  lying  south  of  the  Potomac  and  Ohio  Rivers 
and  east  of  the  Mississippi  and  Pearl- Rivers.  Although  the  Southeastern  dis¬ 
trict  comprises  14.2  per  cent  of  the  total  area  of  continental  United  States 
and  contained  19.0  per  cent  of  its  tot?»l  population  in  1930,  only  7.5.per  cent 
of  the  total  urban  population  contained  in  the  201  cities  lived  in.  the  28  cities 
which  represent  the  Southeastern  States.  Sixteen  of  these  cities  have  less  than 
100,000  inhabitants,  nine  of  them  from  100,000  to  250,000,  and  three  of  them 
from  250,000  to  500,000  each.  None  of  the  Class  A  cities,  with  populations  .ex¬ 
ceeding  1,000,000  or  Class  B  cities  of  500,000  to  1,000,000  Inhabitants,  are 
situated  in  this  area.  Whereas  36.7  per  cent  of  the  population  of  continental 
United  States  in  1930  lived  in  cities  and  towns  of  over  40,000  inhabitants,  only 

15.6  per  cent  of  the  inhabitants  of  the  Sotitheastern  district  in  1930  lived  in 
communities  of  over' 40,000  persons.  The  economic  basis  of  the  Southeastern 
States  lies  in  agriculture  rather  than  in  manufacture,  although  manufacturing, 
especially  of  textiles,  tobacco,  steel,  and  wood  products  has  increased  rapidly 
in  recent  years. 

Street  paving  laid  in  the  Southeastern  district  increased  20.2  per 
cent,  from  4,727,107  square  yards  in  1925  to  5,696,882  square  yards  in  1926,  and 

4.6  per  cent  to  5,956,072  square  yards  in  1927,  then  decreased  37.4  per  cent  to 
3,714,401  square  yards  in  1928  and  2.5  per  cent  to  3,621,420  square  yards  in 
1929.  The  most  marked  decrease  took  place  in  Plorida  where  the  yardage  of  all 
street  pavement  laid  fell  from  a  peak  of  2,815,074  sq'uare  yapds  in  1926  to 
2,185,819  square  yards  in  1927,  to  891,783  square  yards  in  1928,  and  to  278,859 
square  yards  in  1929.  Decreases  during  1928  and  1929  in  the  street  pavement 
laid  in  Georgia,  North  Carolina,  South  Carolina,  and  Kentucky  more  than  offset 
the  increases  in  Alabama,  Tennessee,  and  Virginia. 
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Street -pavement  laid  in  tlie  Southeastern  district.  1925-1929 , 

"by  types  cf  pavixig: 

_ _ Qn  ficrnaro  yards)  . _ _ 


T.vue 

•  1925 

- 

1925 

1927 

1923 

1929 

Sheet  asphalt . . . 

1,720,065 

1,508,629 

2,431,319 

1,134,891 

1,410,150 

Asphaltic  concrete  . 

783,777 

1,019,797 

886,503 

921,782 

.  760,610 

Asphaltic  macadam  . 

41 , 217 

31 , 680 

16,250 

69 , 628 

41 , 193 

Asphalt  block  . 

288,849 

780,664 

761,711 

67 , 503 

55,903 

Natural  rock  as'ohalt .  >  .  .  • 

.67,922 

39,923 

75,835 

103,344 

172,096 

Other  asphaltic  types 

of  paving  . 

104,888 

121 , 408 

' 

10,188 

20,496 

Total  bituminous  . . . 

3,006,718 

3,302,104 

4,181,856 

2,297,148 

2,460,448 

Portland.-cement  concrete 

846,621 

809,962 

1,023,251 

992,050 

955,223 

Brick,  block,  and  stone 

873,768 

1,584,816 

750,955 

425. 203 

205.749 

Total . 

4,727,107 

5,696,882 

5,955,072 

3,714,401 

3,521,420 

The  total  yardage  paved  with  hitnininous  mixtures  in  the  Southeastern 
district  increased  from  3,006,718  square  yards  in  1925  to  4,181,856  square  yards 
in  1927,  hut  dropped  to  2,297,148  square  yards  in  1928,  and  rose  again  to 
2,460,448  square  yards  in  1929.  The  increase  of  39.1  per  cent  in  the  area  paved 
with  hituninous  mixtures  from  1925  to  1927  exceeded  hy  one-half  the  increase  of 
26.0  per  cent  in  all  pavement  laid  during  that  period.  On  the  other  hand,  the 
decrease  of  45.1  per  cent  in  hitnminous  pavement  laid  from  1927  to  1928  was 
greater  than  the  decrease  of  37.6  per  cent  in  the  total  pavement  laid.  In  1929 
the  hitnminous  pavement  laid  was  7.1  per  cent  greater  than  in  1928,  although  the 
total  pavement  laid  in  the  Southeastern  district  we-s  2.5  per  cent  less.  Accord¬ 
ingly,  the  ratio  of  the  bituminous  pavements  laid  to  the  total  pavement"  laid  in¬ 
creased  from, 63. 6  per, cent  in  1925  to  70.2  per  cent  in  1927,  dropped  to  61.8  per 
cent  in  1928  and  rose  to  67.9  per  cent  in  1929. 

Althou^  the  yardage  of  Port  land.- cement  concrete  laid  in-  the  South¬ 
eastern  States  fluctuated  from  year  to  year,  the  net  result  was  an  increase  of 

12.8  per  cent  in  1929  over  the  yardage  laid  in  1925,  vdiile  the  total  pavement 
laid  in  the  Southeastern  district  decreased  23.4  per.  cent  over  the  same  period. 
The  ratio  of  Port land-cement  concrete  to  the  total  pavement  varied  as  follows: 

17.9  per  cent  in  1925,  14.2  per  cent  in  1926,  17.2  per  cent  in  1927,  26.7 

per  cent  in  1923,  and  26.4  per  cent  in  1929 i 

The  area  paved  with  brick,  block,  and  stone  in  the  Southeastern  States 
increased  from  873,768  sq^oare  yards  in  1925  to  1,584,816  square  yards  in  1926, 
then  dropped  at  an  increasing  rate  of  decline  to  205,749  square  yards  in  1929. 
More  than  five-eights  of  the  total  was  laid  in  Florida,  and  consisted  chiefly 
of  vitrified  brick. 

More  than  half  (52.5  per  cent)  of  all  bituminous  pavements  laid  from 
1925  to  19^9,  inclusive,  in  the  28  cities  which  represent  the  Southeastern 
district  consisted  of  sheet  asphalt.  Asphaltic  concrete  of  various  types  con¬ 
stituted  28.7  per  cent  of  the, whole,  and  asphalt  block  12*8  per  cent.  .Natural 
rock  asphalt  was  used  to  surfq.co  only  3.0  per  cent  of  the  total  area  paved  with 
bituminous  compounds;  asphaltic  penetration  macadam,  only  1.3  per  cent;  and 
miscellaneous  bit'ominous  typos,  1.7  per  cent. 
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The  yardage  of  sheet  asphalt  pavements  laid  in  the  Southeastern  dis¬ 
trict  decreased  23.5  per  cent,  from  1,720,065  square  yards  in. 1925  to  1,308,629 
squar.e  yards  in  1926,.  increased  85.8  per  cent  to  2,431,319  square  yards  in  1927, 
decreased '53. 3  per  cent  to  1,134,891  square  yards  in  1928,,  and  rose  24.2  per 
cent  to.  .!» 410 1 150  square  yards  in  1929.  Sheet  asphalt  formed  57.2  per  cent  of 
the  tdtal  hit-uminous  pavements  in  1925;  39i6  per  cent  in  1926;  58.1  per  cent  in 
1927;  '49.4  per  cent  in  1928;  and  57.3  per  cent  in  1929.  . 

The  laying  of  asphaltic  concrete  in  the  Southeastern  district  was  su'b- 
ject  to  less  fluctuation  than  that  of  sheet  asphalt.  Trom  783,777  square  yards 
in  1925  it  rose  to  1,019,797  square .yards  in  1926;  fell  to  886,503  square  yards 
in  1927,  rose  again  to  921,782  square  yards  in  1928,  and  dropped  to  760,610 
square  yards  in  1929.  Three-fifths  of  the  yardage  of  asphaltic  concrete  was 
laid  in  Alabama;  the  rest  was  variously  apportioned  ^ong  the  remaining  nine 
Southeastern  States. 

The  area  surfaced  with  asphalt  block  in  the  Southeastern  district  in¬ 
creased  from  28,8', 849  square  yards  in  1925  to  780,664  square  yards  in  1926  and 
761,711  square  yards  in  1927,  but  dropped  to  67,503  square  yards  in  1928  and 
55,903  square  yards  in  1929.  All  the  asphalt  block  was  laid  in  Tlorida. 

’  Southwestern  District 

Only  8.7  per  cent  of  all  hard-surfaced  pavements  put  down  in  the  201 
cities  was  laid  from  1925  to  1929  in  the  Southwestern  district,  which  lies  west 
of  Mississippi  and  Pearl  Rivers  and  south  of  St.  Louis,  Kansas  City,  Wichita, 
Amarillo,  and  El  Paso.  The  20  cities  of  this  district  from  which  data  were  re¬ 
ceived  contained  8.8  per  cent  of  the  total  urban  population  covered  by  this  sur¬ 
vey.  Nine  of  the  20  cities  have  less  than  100,000  inhabitants,  five  contain 
from  100,000  to  250,000,  five  include  from  250,000  to  500,000,  and  only  one  has 
more  than  500,000  residents.  None  of  the  Class  A  cities  of  over  1,000,000  popu¬ 
lation  is  included  in  this  district.  Althou^  the  Southwestern  district  com- 
prisow  16.8  per  cent  of  the  area  of  continental  United  States,  it  contained  in 
1930  only  14.4  per  cent  of  the  total  population  and  only  8.9  per  cent  of  the 
urban  population  dwelling  in  communities  of  over  40,000  persons.  Even  more  than 
the  Southeastern  district,  its  economy  is  based  on  the  production  of  raw  ma¬ 
terials,  agricultural,  and  mineral. 


Street  -pavement  laid  in  Southwestern  district.  1925-1929.  by  types  of  paving 


( In  sc 

uare  yards) 

Type 

1925 

1926 

1927  . 

1928 

1929 

Sheet  asphalt  . 

491,412 

479 , 351 

304,213 

459,133 

182,575 

Asphaltic  concrete  . 

1,661,126 

1,932,728 

2,067,804 

1,738,035 

1,588,957 

A  sphal tic  ma cadam . 

—  — 

— 

151,192 

Asphalt  block  . 

— 

Natijiral  rock  asphalt  .... 

696,594 

645,409 

1,008,694 

884,979 

905,120 

Other  asphaltic  types  of 
paving  . 

52 . 529 

41,457 

117,026 

91,803 

153.534 

Total  bituminous  .... 

2,901,661 

3,098,945 

3,497,737 

3,173,950 

2,981,378 

Portland-cement  concrete 

908,577 

1,040,725 

1,064,695 

1,030,400 

.1,289,727 

Brick,  block,  and  stone.. 

225,983 

288,030 

380,280 

305,227 

338 . 633 

Total  . 

4,036,221 

4,427,700 

4,942,712 

4,509,577 

4,609,738 
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The  total  area  of  street  pavement  laid  in  the  Southwestern  district 
increased  from  4,036,221  square  yards  in  1925  to  a  maximum  of  4,942,712  square 
yards  in  1927,  dropped  to  4,509,577  sqiiare  yards  in  1928,  and  rose  to  4,609,738 
square  yards  in  1929.  Though  the  yardage  laid  in  1929  was  6.7  per  cent  less 
than  that  laid  during  the  peak  year  of  1927,  it  was  14.2  per  cent  larger  than 
that  laid  in  1925. 

From  1925  to  1923  the  area  of  'bit'uminous  pavements  laid  in  the  South¬ 
western  district  kept  pace  with  the  general  increases  and  decreases  in  all  types 
of  paving.  The  area  of  TDituminous  paving  rose  20.5  per  cent  from  2,901,661 
square  yards  in  1925  to  a,  peak  of  3,497,737  square  yaTds  in  1927,  hut  dropped 
9.3  per  cent  to  3,173,950  square  yards  in  1928.  In  1929,  however,  the  total 
yardage  of  all  hitminous  pavements,  2,981,378  square  yards,  was  6.1  per  cent 
less  than  in  1928,  although  the  total  area  of  all  street  pavement  laid  in  1920 
was  2.2  per  cent  greater  than  in  the  preceding  year.  The  ratio  of  hitriminous 
pavements  to  the  total  pavement,  which  had  fluctuated  between  70  and  72  per  cent 
from  1925  to  1928,  dropped  in  1929  to  64.7  per  cent. 

More  than  five-ninths  (57.4  per  cent)  of  all  bituminous  paving  laid 
in  the  Southwestern  district  consisted  of  asphaltic  concrete,  and  more  than 
one-fourth  (26.5  per  cent)  of  natural  rock  asphalt.  Jive-sixths  of  the  natural 
rock  asphalt  was  laid  in  Texas  and  more  than  one-tenth  in  Louisiana.  Sheet 
asphalt  constituted  only  12,2  per  cent  of  the  tota-1  bituminous  paving;  and 
miscellaneous  bituminous  types,  2.9  per  cent. 

The  yardage  of  Portland-cement  concrete  pavement  in  the  Southwestern 
district  increased  from  908,577  square  yards  in  1925  to  1,040,725  square  yards 
in  1926  and  1,064,695  square  yards  in  1927,  dropped  to  1,030,400  square  yards 
in  1928,  and  rose  to  1,289,727  square  yards  in  1929.  Jrom  1925  to  1928  the 
ratio  of  Portland-cement  concrete  to  total  pavement  varied  between  21.5  and  23.5 
per  cent.  In  1929,  however,  Portland-cement  concrete  formed  28.0  per  cent  of 
the  whole  area  of  street  pavement. 

The  street  area  surfaced  with  brick,  block,  and  stone  in  the  South¬ 
western  district  increased  both  in  yardage  and  in  relative  importance.  Prom 
225,983  sq'rare  yards  in  1925  it  increased  to  380,280  square  yards  in  1927, 
dropped  to  305,227  square  yards  in  1928,  and  rose  to  338,633  square  yards  in 
1929.  Prom  5.6  per  cent  of  the  total  pavement  in  1925,  its  ratio  rose  to  6,5 
per  cent  in  1926,  to  7.7  per  cent  in  1927,  fell  to  6.7  per  cent  in  1928,  and 
rose  again  to  7.3  per  cent  in  1929. 

ITorth  Central  District 

Only  6.4  per  cent  of  the  total  area  of  street  pavement  laid  in  the  201 
cities  was  put  down  in  the  ITorth-Central  district,  which  lies  west  of  Lake 
Michigan  and  the  Mississippi .River ,  north  of  St.  Louis,  Kansas  City,  Wichita, 
and  Amarillo,  and  east  of  the  Rocky  Mountains.  Althou^  this  district  comprises 
22.2  per  cent  of  the  area  of  continental  United  States,  it  contained  in  1930  oniy 
8,7  per  cent  of  the  total  population.  The  economic  basis  of  this  broad  area 
lies  almost  entirely  in  grain-faming,  stock  raising,  and  dairying. 
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St reet  pavement  laid  in  ITorth-Cer.tral  di strict,  19?;5-1929,  “by  types  of  paving 

(In  sqnxiro  yards) 


Type 

T^?.5 

1926 

1927 

1928 

•  1929 

Sheet  asphalt  . 

639,058 

585,026 

374,612 

439,726 

437,831 

Asphaltic  concrete  . ;  . 

1,030,836 

695,946 

720,729 

401 , 633 

352,941 

Asphaltic  macadam  . 

148 , 446 

209,052 

240,092 

135,589 

101,566 

Asphalt  block  . 

— . 

— 

— 

— 

— 

Natural  rock  asphcClt  . 

— . 

— 

— 

■  — ' . 

— 

Other  asphaltic  types  of  ' 
paving . ‘ . 

. 

, 

1,783  .. 

Total  biti-raiinous 

1,818,340 

1,490,024 

1,335,433 

1,026,948' 

894,121 

Portland-ceraent  concrete  . 

1,910,141 

1,847,964- 

2,056,513 

1,571  ,,858 

1,621,428 

Brick,  block,  and  stone  . . | 

125,577, 

133,041 

182,722 

: 193,720 

240,081 

Total  . i 

■  i  I.  .  1  .  ,1  ^  . . .  .  ^  1 

5, 853';  858 

3,471,029 

3,574,668 

2; 792, 526 

2,755,630 

The  total  area  of  street  paving  laid  in  the  ITcrth-Central  district  . 
declined  23.5  per  cent,  from  3,853,858- square  yards  in  1925  to  2,755,630  square 
yards  in  1929.  More  than  one- third  (35.7  per  cent)  was  laid  in  Wisconsin,  22.7 
per  cent  in  Iowa,  20.9  per  cent  in  llohraska,  and  18.1  per  cent  in  LJ^.iinesota. 
Street  pavement  laid  in  ITehraska  cities  decreased  83.9  per  cent,  from  1,342,528 
square  yards  in  1925  to  214, 924,^|^\iai’e  yards  in  1929;  and  in  Iowa  cities, 49.1 
per  cent,,  from  1,017,811  3  qua  r  o’ in  1925  to  517,849  square  yards  in  1929.  On 
the  other  Ixand,  street  pavement  laid  in  Wisconsin  increased  63.4  per  cent,  from 
792,107  square  yards  in  1925  to  1,294,116  square  yards  in  1929. 

The  laying  of  hituminous  pa-vements  in  the  ITorth-Gentral  district  de¬ 
creased  considerably  from  1925  to  1929  both  in  yardage  and  in  relative  importance. 
In  yardage  it  decreased  50.8  per  cent,  from  1,818,340  square  yards  in  1925  to 
594,121  square  yards  in  1929.  In  their  ratio  to  the  total  pavement  laid,  bitum¬ 
inous  pavements  declined  from  47.2  per  cent  in  1925  to  42.9  per  cent  in  1926, 

37.4  per  cent  in  1927,  36.8  per  cent  in  1928,  and  32.4  per  cent  in  1929.  Nearly 
half  (48.8  per  cent)  of  the  bit-’orninous  pavement  consisted  of  asphaltic  concrete, 
57.7  per  cent  of  sheet  asphalt,  and  13.5  per  cent  of  asphaltic  macadam.  The 
chief  decrease  occurred  in’ asphaltic  concrete,  of  which  the  yardage  laid  in  1929 
was  only  34.2  per  cent  of  that  laid  in  1925.  Sheet  asphalt  fell  off  31,5  per 
cent  d-uring  the  same  period  and  asphaltic  macadam  fell  31.6  pel-  cent. 

At  the  same  time,  the  laying  of  Portland-cement  concrete  in  the  North- 
Central  district  decreased  in  yardage  in  1928  and  1929,  but  increased  continu¬ 
ously  in  relative  importance.  From  1,910,141  square  yards  in  1925  the  total 
yardage  of  Portland-ceraent  concrete  increased  to  2,055,513  sq-uare  yards  in  1927, 
but  dropped  to  1, 571, 858  square  yards  in  1928  and  1,621,428  square  yards  in  1929. 
The  ratio  of  Portland-ceraent  concrete  pavement  to  tho  total  pavement,  however, 
increased  from  49.6  per  cent  in  1925  to  53.2  per  cent  in  1926,  57.5  per  cent  in 
1927,  56.3  per  cent  in  1928,  and  58.9  per  cent  in  1929. 

Nearly  twice  as  great  an  area  was  paved  with  brick,  block,  or  stone 
in  the  North-Central  district  in  1929  as  in  1925.  Prom  125,377  square  yards  in 
1925  the  yarda.ge  of  brick,  block,  and  stone  pavements  increased  to  240,081  square 
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yards  in  1929.  By  far  the  greater  part  of  this  i^ardage  consisted  of  vitrified 
hrick.  At  the  same  time  tho  ratio  of  ■brick,  ‘block,*  and  stone  pavements  to  the 
total  pavement  laid  increased  from  3.2  per  cent  in  -1925  to  3,8  per  cent  in  1926, 
5.1  per  cent  in  1927,  6.9  per  cent  in  1928,  and  8.7  per  cent  in  1929. 

Pacific-P.cclcy  Hountaiii  District  •  •  . 

'  One-fifth nof  all -hard-snrfaced  pavements  laid  in  the  201  cities  from 

1925 -to  1929  were  .p-at  down  in  the  Pacific-kockj’’  Mountain  district ,  which  lies 
west  of  Or  eat  Balls,  Cheyenne,  :Denver,  Aliriquerque ,  and  El  Paso.  The  22  cities 
of  this  district  from  which  data  were  received  contained* 10. 2  per  cent  of  the 
total  population  covered  by  this  survey.  Included  in  the  22  cities  were  one 
Class  A  city  of  over  1,000,000  population,-  one  Class. B  city  with  a  population 
between  500,000  and  1,000', 0(30,  four  Class  C  cities  with  from  250,000  to  500,000 
inliabitant s ,  five  Class  B  cities  with.  100, 000  to  250,000  residents,  and  11  Class 
E  cities  containing  loss  tluan  ■100,000  persons.  Althou^'i  the  Pacific-HoclQ'’ 
Mountain  district  comprises  .34 .'4  per.- cent  of  the ‘total  area  of  continental  United 
States,  it  contained  in  1930  only  9.7  per  cent -of.' the  total -population  and. in 
1930  only  9.7  per  cent  of  the  total  population  living  in  communities  of  more 
than  40,000.  The  basic  industries  of  this" district  are  chiefly  agricult-ural  and 
mining. 


Street  ravement  laid  in  Pacific-Pocky  Mountain  district,  1925-1929, 

-  -  by  t:,n3es  of  -or-ving:'--  ■■  -  ■  ■ 

...  .....  lln  square  yards)  _  _ 


- to-e 

1925 

1926 

1927 

1928 

1929 

Sheet  asphalt . 

1 , 290',  833 

"l7-375,S77 

1,496,066 

1,287,432 

1,854,291 

Asphaltic  concrete  . 

3,138,667 

5,276,585 

-2,705^159 

3,716,472 

3,065,908 

Asphaltic  macadam 

s . 

•• 

587 

Asphalt  block” . 

—  — 

■  ■  '  — 

Other  asphaltic  types'  of 
paving  .  . . . 

'765,357 

’  393,445 

'■  581,203 

305,235 

413,179 

Total  bituminous  ‘  '  ' 

5,194,857 

7, 051  ,'007 

'■  4,782,428 

5,309,139 

5,333,965 

Port land- cement  concrete 

2,748,624 

4,150,235 

6,306,128 

7,455,723- 

5,254,890 

Brick,  block,  and  stone 

14.661 

1,865 

3,023 

953 

3,604 

Total  . . 

7,958,142 

11,203,107 

11,091 , 579 

12,766,815 

10,592,459 

The  total  area  of  street  pavement  lai’d  in  the  Pacific-Rocky  Mo-untain 
district  increased  40.8  p.er  cent,  from  7.,958’,142  square  yards  in  1925  to 
11,203,107  sq-uare  yards  in  1925,  rem.ained  yirtua.lly  stationary  at  11,091,579 
square  yards  in  1927.,  increased  15.1  per  .  cbht  to  12,765,815  sqxiare  yards  in  1928, 
and  dropped  17.0  per  cent  to  10, 592”, 459  square,  yard's  in  1929.  Uinety-five  per 
cent  of  the  total,  was  laid  in  the  three  Pacific  States,  and  77.4  per  cent  in 
California  alone.  ■  ' 

The  total  yard'age  of  bituminous  pavement .  laid  in  the  Pacific-Rocky 
Mountain  district  increased  35.7  p.er  cent,  from  5,194,857  ^q-uare  yards  in  1925 
to  7,051,007  squa.re  yards  in  1926,  but  dropped  32.2  per  cent  to  4,782,428  square 


8856 


-  25  - 


1.  C.  6431 


( 


yards  in  1927,  increasing  11.0  per  cent  to  5,309,139  square  yards  in  1928  and 
remaining  practically  level  at  5,333,965  square  yards  in  1929.  The  ratio  of 
hit-uminous  pavements  to  the  entire  area  of  street  pavement  decreased  from  65.3 
per  cent  in  1925  to  62.9  per  cent  in  1926,  dropped  to  43.1  per  cent  in  1927  and 
to  41.6  per  cent  in  1928,  and  rose  to  50.4  per  cent  in  1929. 

Sixty-five  per  cent  of  all  hit-uminous  surfaces  laid  in  the  Pacific- 
Rocky  Mountain  district  consisted  of  asphaltic  concrete  of  various  types.  Sheet 
asphalt  formed  only  26.4  per  cent  of  the  whole;  and  miscellaneous  hituminous 
types,  only  8.9  per  cent. 

The  use  of  Portland-cement  concrete  for  street  paving  in  the  Pacific 
Rocky  Mountain  district  reached  it.s  peak:  in  1928  with  7,456,723  square  yards, 
an  increase  of  71.3  per  cent  over  the  2,748,624  square  yards  laid  in  1925.  In 
1929,  however,  only  5,254,890  square  yards  of  Portland-cement  conci’ete  was  laid, 
a  decrease  of  29.5  per  cent  from  the  yardage  laid  in  1928  hut  an  increase  of 
91.2  per  cent  over  that  laid  in  1925.  The  ratio  of  Portland-cement  concrete  to 
the  total  pavement  increased  from  34.6  per  cent  in  1925.  to  37.0  per  cent  in  1926, 
56.8  per  cent  in  1927,  and  58.5  per  cent  in  1928,  hut  dropped  to  49.5  per  cent 
in  1929. 


Ninety-ei^t  per  cent  of  the  Portland-cement  concrete  was  laid  in  the 
three  Pacific  States.  Seven-tenths  of  the  total  was  laid  in  California  alone. 

DISCUSSION  BY  POPULilTION  G-ROUPS 

t 

Class  A  Cities 

In  the  five  Class  A  cities  with  populations  exceeding  1,000,000,  the 
total  yardage  of  new  pavement  and  resurfacing  laid  increased  44.1  per  cent  from 
13,083,312  square  yards  in  1925  to  18,856,836  square  yards  in  1927.  The  yardage 
laid  in  1928  was  nearly  equal  to  that  laid  in  1927,  hut  the  17,315,158  square 
yards  laid  in  1929  was  7.5  per  cent  less  than  the  18,714,749  square  yards  laid 
in  1928. 

Marked  divergences  from  the  general  trend  of  street  paving  in  Class  A 
cities  from  1925  to  1929  were  shown  hy  the  various  types  of  street  paving. 
Bitaminous  pavements  in  general  increased  23.5  per  cent  in  area  from  1925  to 

1927,  decreased  1.5  per  cent  in  1928,  and  rose  2.1  per  cent  in  1929,  to  a  figure 

24.2  per  cent  hi^er  than  in  1925.  Their  share  in  the  total  pavement  dropped 
from  73.9  per  cent  in  1925  and  72.1  per  cent  in  1926  to  63.3  per  cent  in  1927 

and  62.8  per  cent  in  1928,  hut  rose  to  69.3  per  cent  in  1929.  The  area  of  Port¬ 

land-cement  pavements  increased  170  per  cent  from  1925  to  1927,  and  11.7  per 
cent  in  1928,  hut  dropped  21,8  per  cent  in  1929.  As  a  result,  the  ratio  of 
Portland-cement  concrete  to  the  total  pavemaa t  increased  from  14.3  per  cent  in 
1925  to  17.5  per  cent  in  1926,  26.8  per  cent  in  1927,  and  30.2  per  cent  in  1928, 
hut  dropped  to  25.5  per  cent  in  1929.  Brick,  block,  and  stone  pavements  showed 

a  smaller  pBoportionate  increase  up  to  their  peak  in  1927,  and  a  greater  propor¬ 

tionate  decrease.  Their  share  in  the  total  pavement  decreased  from  11,8  per 
cent  in  1925  and  10.4  per  cent  in  1926  to  9.8  per  cant  in  1927,  7.0  per  cent  in 

1928,  and  5.1  per  cent  in  1929. 
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Street  pavement  laid  in  Class  A  cities.  1.925-1929,  li.y  t7,T3e3  of  paving 

(In  sqiisre  yards) 


Type 

1925 

1926 

1927 

1928 

1929 

Sheet  asphalt  . 

8 -,636, 971 

-9,724,850 

10,436,770 

9,598,608 

9,634,009 

Asphaltic  concrete  ...... 

840,157 

.4,430,852 

1,159,674 

1,771,392 

1,496,198 

Asphaltic  macadam  . 

126,851'. 

V  190,827 

85,462 

133,597 

503,789 

Asphalt  block  . 

66,480 

60,726 

116,108 

63,039 

46,605 

Natural  rock  asphalt  .... 

— 

— — 

31,724 

49,918 

— 

Other  asphaltic  types  of 

paving  •. . 

•  •  ^  — 

49,903 

111 , 581 

144,376 

327,277 

Total  bituminous  . 

9,670,459 

11,457,158 

11,941,319 

11,760,930 

12,007,878 

Portlarid-cement  concrete 

1,873,737 

2,776,423 

5,060,305. 

5,650,751 

4,421,605 

Brick,  block,  and  stone  . 

. 1.539,116 

1,651,378 

1,855,122 

1,303,068 

885,675 

Total  . 

13,083,312 

15,884,959 

18 , 856 , 836 

18,714,749 

17,315,158 

Class  B  Cities 


In  the  ei^t  Class  B  cities  with  populations  ranging  from  500,000  to 
1,000,000, — Baltimore,  Boston,  Buffalo,  Cleveland,  Milwaukee,  Pittslnir^,  St. 
Louis,  and  Sa-n  Francisco — the  general  trend  of  paving  was  similar  to  that  in  the 
Class  A  cities.  It  rose  30; 4  per  cent  from  4,033,576  square  yards  in  1925  to 
a  peak  of  5,325,020  square  yards  in  1927,  fell  off  4.0  per  cent  to  5,111,777 
square  yards  in  1928,  and  2.0  per  cent  to  5,011,890  square  yards  in  1929. 

Bituminous  pavements  followed  somewhat  the  general  trend,  increasing 
21.6  per  cent  in  area  from  1925  to  1927,  decreasing  1.8  per  cent  in  1928  and  2.3 
per  cent  in  1929.  As  a  result  their  share  of  the  total  pavement  laid  increased 
from  66.6  per  cent  in  1925  to  67.5  per  cent  in  1926,  dropped  to  62.5  per  cent 
in  1927,  rose  to  64.0  per  cent  in  1928,  and  decreased  to  63.8  per  cent  in  1929. 
The  yardage  of  Portland-cenent  concrete  doubled  from  1925  to  1927,  increased  1.2 
per  cent  in  1928,  but  decreased  10.6  per  cent  in  1929.  Its  share  in  the  total 
paving  increased  from  14.8  per  cent  in  1925  to  20.4  per  cent  in  1926,  23.0  per 
cent  in  1927,  and  24.3  per  cent  in  1928,  but  fell  off  to  22.6  per  cent  in  1929. 
The  trend  of  brick,  block,  and  stone  paving  in  Class  3  cities  from  1925  to  1929 
was  quite  irregular.  The  yardage  laid  in  1929  was  10.2  per  cent  lower  than  in 
1925  and  the  relative  importance  had  dropped  from  18.6  per  cent  of  the  total  in 
1925  to  13.6  per  cent  in  1929. 


Street  pavement  laid  in  Class  B  cities,  1925-1929,  by  types  of  paving 
_  (In  square  yards) _ 


_ SZPe _ 

Sheet  asphalt  . 

Asphaltic  concrete  . 

Asphaltic  macadam  . 

A.rphalt  block . . 

Natural  rock  asphalt  . . . 
Other  asphaltic  type's  of 

paving  . . 

Total  bituminous 
Portland-'cement  concrete 

Brick,  block,  and  stone 
Total  . 


1925  1926 _ 1927 _ 1928 _ 1929 

1,734,716  2,058,197  2,294,740  2,192,673  2,224,408 
859,463  956,510  886,133  884,842  885,421 

122,385.  186,501  149,814  193,495  88,362 

4,570  3,690 


2,721,134  3,184,898  3,330,687  3,271,010  3,198,191 
604,374  963,141  1,223,780  1,243,799  1,132,3.10 

758,067  569,903  770,553  596,968  681,389 

4,083,5754,717,941  5,325,02D~5,111 ,777  5, Oil, 390 
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Class  C  Cities 

Less  proportionate  change  occurred  in  the  total  pavement  laid  in  Class 
C  cities^/  from  1925  to  1929  than  in  Class  A  or  Class  B  cities.  The  total  yard¬ 
age  laid  decreased  3.3  per  cent  from  8; 522, 775  square' yards  in  1925  to  8,263,222 
square  yards  in  1926;  increased  10.2  per  cent  to  a’ maximum  of  9,104,521  square 
yards  in  1927,  decreased  7.3  per  cent  to.  8,484,832  square  'yards  in  1928,  and  2.6 
per  cent  to  8,296,574  square  yards  in  1929,  2.7  per  cent  less  than  the  yardage 
laid  in  1925.  Bitixninous  pavements  decreased  about  7.5  per  cent  a  year  from  (. 

1925  to  1928  hut  increased  4  per  cent  in  . 1929.'  Their  shard  iri  the  total  pavement 
laid  decreased  from  67.4  per  cent  .in  1925  and  62.6  per  cent  in  1926  to  53.7  per 
cent  in' 1927  and  52.4  per  cent  in  1928,  'hut  rose  to. 55. 7  per  cent  in  1929.  On 
the  other  hand,  Portland-coment  concre'te,  showed 'a  sharp  rise  of  52.5  per  cent 
from  1925  to  1927,  followed  by  a  decline  of- 1.2  peiuceht  ih  1928  and  "of  14.4 
per  cent  in  1929.  The  share  of  Port land- cement  concrete  in  the  total"  pavement 
increased  from  25.4  per  cent  in  1925  to  30.5  per  cent  in  1926,  37.6  per  cent  in 
1927,  and  39.9  per  cent  in  1928,  hut  decreased  35.7  per  cent  in  1929.  Brick, 
block,  and  stone  pavements  rose  irregularly  from  1925  to  1927 dropped  in  1928, 
and  rose  in  1929.  Their  share  in, the  total  pavement  rose  from.6«2  per  pent  in 
1925  to  -7.0  per  cent  in  1926,  8.7  per  cent  in  1927,  7.7  per  cent  in  1928,  and 
'8.6  per  cent  in-  1929.  '  . 


Street  pavement  laid  in ’Class  0  cities,  1925*"1929,  by  types  of  paving 

'  ■  (In  square  yards) 


Type 

1925 

1926 

1927 

1928 

1929 

Sheet  asphalt  . , .  . 

2,492,968 

1,965,890 

2,131,229 

2,243,750 

1,892,238 

Asphaltic  concrete . . 

2,591,872 

2,717,049 

2,052,788 

1,545,745 

1,837, 570 

Asphaltic  macadam  . 

2,003 

5,931 

-- 

Asphalt  block  . . 

' - 

-- 

.. . 

HaA-oral  rock  asphalt  .... 
Other  asphaltic  tjT)es  of 

591,754 

427,884 

540,141 

505,789 

'  79.6,924 

paving . .■ . . 

66,588 

59 . 353 

160,876 

-141,034 

92,000 

Total  bituminous  ...... 

5,745,185 

5,170,176 

4,385,034 

4,442,249 

4,618,732 

Port land-cement  concrete • 

2,249,853 

2,518,514 

3,426,845 

3,385,838 

2,959,896 

Brick,  block,  and  stone.. 

527 , 737 

574,532 

792,642 

656,745 

717,946 

Total  . 

8,522,775 

8,263,222 

9,104,521 

8,484,832 

8,296,574 

6/  The  following  cities,  with  populations  ranging  between  250,000  and  500,000, 
have  been  included  in  Class  C:  Alcron,  0.;  Atlanta,  Ca. ;  Eirmin^am,  Ala.; 
Cincinnati,  0.;  Columbus,  0.;  Dallas,  Tex. ;■ Denver, .  Colo. ;  Houston,  Tex.; 
Indianapolis,  Ind. ;  Jersey  City,  J.;  Kansas  City,  Mo.;  Louisville,  Ky.; 
Memphis,  Tenn. ;  Minneapolis,  Minn. ;  .ITewark,  K.  J.;  Hew  Orleans,  La.;  Oakland, 
Calif.;  Portland,  Oreg. ;  Providence,  R.  I Rochester,  H.  Y.;  San  Antonio, 
Tex.;  Seattle,  Wash.;  Toledo,  0.;  and  V/achington,  D.  C. 
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Class  D  Cities 

Tlae  total  area  of  street  pavement  laid  in  Class  D  cities^  increased 
14.0  per  cent,  from  3,244,707  sq-ofire  yards  in  1925  to  9,394,458  sqnare  yards  in 
1926.  From  this  peak  the  area  paved  each  year  decreased  -until  in  1929  only 
7,912,153  square  yards  was  laid,  4.2  per  cent  less  than  in  1925.  Bit-uminous 
pavements  in  general  shared  in  the  increase  in  1926  and  in  the  decline  from  1927 
to  1929.  Their  ratio  to  the  total  pavement  decreased  from  an  average  of  66  per 
cent  hetween  1925  and  1927  to  63.6  per  cent  in  1928  and  60  per  cent  in  1929. 
Decreases  in  the  yardage  of  sheet  asphalt  and  of  asphaltic  concrete  laid  were 
largely  compensated  hy  increased  j-n-rdage  of  asphaltic  macadam,  asphalt  block, 
and  natural  rock  asphalt.  On  the  other  hanc ,  Port land-cement  concrete  increased 
steadily  both  in  yardage  and  in  importance.  Its  share  in  the  total  pavement 

increased  from  25.2  per  cent  in  1925  and  1925  to  29.1  per  cent  in  1927,  30.8  per 

cent  in  1920,  and  33.8  per  cent  in  1929.  Brick,  block,  and  stone  pavements, 
after  a  sharp  rise  in  1926,  dropped  in  1927,  1928,  and  1929  to  a  level  12  per 
cent  lower  than  in  1925.  Their  share  in  the  total  paving  rose  from  6.6  per  cent 

in  1925  to  10.9  per  cent  in  1926,  dropped  to  5.4  per  cent  in  1927,  and  5.6  per 

cent  in  1928,  and  rose  again  to  6.2  per  cent  in  1929. 


Street  navement  laid  in  Class  D  cities.  1925-1929.  by  types  of  paving 

(In  sqnare  yards) 


Tyoe 

1925  1926  1  1927 

1928 

1929 

Sheet  asphalt  . 

Asphalt  concrete  . 

Asphaltic  macadam  . 

Asphalt  block  . 

Nat^oral  rock  asphalt  .... 
Other  asphaltic  tj’pes  of 
paving  . 

2,271,972|  2,511,297 
2,614,1121  2,403,611 
356,1421  475,702 

165, 833 j  325,795 
79, 096 j  10,484 

1 

134, 133 i  278,373 

2,839,013 

2,375,969 

278,859 

191,686 

118,210 

42,177 

2,270,972 
2,476,083 
549 , 633 
2,272 
197,794 

8,009 

1,672,470 

1,856,345 

858,316 

55,909 

273,943 

18,385 

Total  bit-ominous  . 

Portland-cement  concrete 
Brick, ‘block,  and  stone. . 
Total  . . 

5,621,2881 6,005,263 
2,074,780l 2,371,863 
549,639  1,01 7,. 327 

5,845,914 

2,594,545 

487,495 

5,504,763 
2,679,039 
488 , 518 

4,745,362 

2,674,530 

492,261 

8,2.44,707  9,394,453 

8,927; 954 
_ 

8,672,320 

7,912,153 

7/  The  follo7ri.ng  cities,  with  pop-'alations  ranging  between  100,000  and  250,000, 
have  been '  included  in  Class  D:  Albany,  IT.  Y.;  Birmingham,  Ala. ;  Bridgeport,  _ 
Conn.;  Cambridge,  Mass.;  Camden,  IT.  J.;  Canton,  0.;  Chattanooga,  Tenn.; 
Dayton,  0.;  Des  Moines,  Iowa;  .Duluth,  Minn.;  El  Paso,  Tex.;  Elizabeth,  N.  J.; 
Fall  River,  Mass.;  Flint,  Mich.;  Fort  Wayne,  Ind.;  Fort  Worth,  Tex.;  Grand 
Hapids,  Mich.;  Hamtrrmck,  Mich.;  Hartford,  Conn.;  Jacksonville,  Fla.;  Kansas 
City,  Kans.;  Knoxville,  Tenn.;  Long  Beach,  Calif.;  Lowell,  Mass.;  Lynn,  Mass. 
Miami,  Fla.;  Eashville,  Tenn.;  New  Bedford,  Mass.;  New  Haven,  Conn.;  Norfolk, 
Va.;  Oklahoma  City,  Okla.;  Omaha.,  Nebr. ;  Richmond,  Va.;  St.  Paul,  Minn.;  Salt 
Lake  City,  Utah;  San  Diego,  Calif.;  Savannah,  Ga.;  Scranton,  Pa.;  Somerville, 
Mass.;  Spokane,  Wash.;  Syracuse,  N.  Y.;  Tacoma,  Wash.;  Tampa,  Fla.;  Trenton, 
N^  J.;  Tulsa,  Okla.;  Utica,  N.  Y. ;  Wichita,  Kans.;  Wilmington,  Del.;  Worces¬ 
ter,  Mass.;  Yonkers,  N.  Y.;  Yo-ungstown,  0. 
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Class  E  Cities 


The  area  of  pavement  laid  in  Class  E  cities  increased  17.8  per  cent, 
from  13,352,216  square  yards  in  1925  to  15,729,320  square  yards  in  1927,  hut 
decreased  21.1  per  cent  to  12,511,247  square  yards  in  1928  and  21.1  per  cent 
again  to  10,332,261  square  yards  in  1929.  Bituminous  pavements  followed  the 
general  trend,  reaching  their  peak,  however,  in  1926  instead  of  1927.  Their 
ratio  to  the  total  pavement  decreased  from  70.4  per  cent  in  1925  and  70.0  per 

cent  in  1926  to  65.7  per  cent  in  1927  and  65.6  per  cent  in  1928,  hut  rose  to 

68.8  per  cent  in  1929.  The  area  paved  with  Portland-cement  concrete  rose  sharply 
from  1925  to  1927,  hut  dropped  almost  as  sharply  in  1928  and  1929.  Its  ratio  to 

the  total  pavement  increased  steadily  from  15.8  per  cent  in  1925  and  18.2  per 

cent  in  1926  to  22.9  per  cent  in  1927,  23.4  per  cent  in  1928,  and  25.1  per  cent 
in  1929.  Brick,  block,  and  stone  pavement,  after  a  relatively  small  increase 
in  1926  and  1927,  dropped 'sharply  in  1928  and  1929.  Its  share  in  the  total  pav¬ 
ing  decreased  from  12.8  per  cent  in  1925  to  11.8  per  cent  in  1926,  11.4  per  cent 
in  1927,  10.9  per  cent  in  1928,  and  6.1  per  cent  in  1929. 

Street  pavement  laid  in  Class  B  cities,  1925-1929,  hy  t^.naes  of  -paving 


Type 

1925 

C  .Y  U.O  J 

1926 

1927 

1928 

1929 

Sheet  asphalt  . 

3,639,384 

3,249,139 

3,703,120 

2,829,122 

2,508,970 

Asphaltic  concrete  ..... 

2,939,538 

4,680,678 

3,284,716 

3,051,624 

2,153,043 

Asphaltic  macadam . 

739 , 554 

649 , 678 

855,701 

836 , 663 

1,126,353 

Asphalt  block  . 

184,210 

574,973 

683,298 

138,676 

31,280 

Hatioral  rock  asphalt  .  .  . 

177,305 

372,386 

473,260 

346,439 

15,913 

Other  asphaltic  types  of 
paving  . 

1,599,861 

1,132,183 

1,301,055 

1,002,051 

1,262, 214 

Tar  macadam  . 

114.433 

39,055 

27,917 

10,099 

10,000 

Total  bituminous  .... 

9,394,285 

10,698,092 

10,329,067 

8,214,674 

7,107,773 

Portland-cement  concrete 

2,247,310 

2,777,905 

3,603,392 

2,929,717 

2,588,740 

Brick,  block,  and  stone 

1.710,621 

1.802.183 

1.797,461 

1.366.856 

635.748 

Total  . 

13,352,216 

15,278,180 

15,729,920 

12,511,247 

10,332,261 

^  The  following  cities,  with  populations  ranging  for  the  most  part  between 

40,000  and  100,000,  are  included  in  Class  E:  Allentown,  Pa.;  Altoona,  Pa.; 
Atlantic  City,  N.  J.;  Augusta,  Ga.;  Aurora,  Ill.;  Austin,  Tex.;  Battle  Creek, 
Mich.;  Bayonne,  U.  J.;  Beaumont,  Tex.;  Berkeley,  Calif.;  Bethlehem,  Pa.;  Bing¬ 
hamton,  II.  Y, ;  Boise,  Idaho;  Brockton,  Mass.;  Brookline,  Mass.;  Burlington,  Vt 
Butte,  Mont.;  Cedar  Rapids,  Iowa;  Charleston,  S.  C.;  Charlestoh,  W.Ya.;  Char¬ 
lotte,  II.  C.;  Chester,  Pa.;  Chicopee,  Mass.;  Cicero,  Ill.;  Columbia,  S.  C.; 
Colum'bUc,  Ga,;  Council  Bluffs,  Iowa;  Davenport,  Iowa;  Decatur,  Ill.;  Dubuque, 
Iowa;  Durham,  N.  C.;'East  Chicago,  Ind. ;  East  Orange,  il.  J.;  East-  Saint  Louis, 
Ill.;  Elmira,  H.  Y.;.Erie,  Pa.;  Evanston,  Ill.;  Evansville,  Ind.;  Everett., 
Mass.;  Eargo,  U.  D.;  Eitchburg,  Mass.;  Eresno,  Calif.;  Galveston,  Tex.;  Gary, 
Ind. ;  Hamilton,  Ohio;  Hammond,  Ind.;  Harrisburg,  Pa,;  Haverhill,  Mass.;-Hi^- 
land  Park,  Mich.;  Holyoke,  Mass.;  Huntington,  W.  1b..',  Jackson,  Mich.;  Jackson, 
Miss.;  Jamestown,  N.  Y.;  Johnstown,  Pa.;  Joliet,  Ill.;  Kalamazoo,  Mich.;  Keno¬ 
sha,  Wis.;  Kokomo,  Ind.;  Lakewood,  Ohio;  Lancaster,  Pa.;  Lansing,  Mich.; 
Lawrence,  Mass.;  Lincoln,  lle'br.;  Lima,,  Ohio;  Lorain,  Ohio;  Macon,  Ga.;  Madison 
Wis.;  Manchester,  U.  H. ;  Mobile,  Ala. ;' Muskegpn,  Mich.;,  Hew  Castle,  Pa.;  Hew  ^ 
Britain,  Conn.;  Hew  Brunswick,  H.  J.;  Hewton,  Mass.;  Hiagara  Ealls,  H.  Y.;  Oak 
Park,  Ill.;  Pasadena,  Calif.:  Passaic,  H.  J.:  Pawtucket,  R.  I.;  Phoenix, 
Pontiac,  Mich.;  Portsmouth,  Ohio;  Portsmouth,  Va. ;  Portland,  Me.;  Pueblo,  Colo. 
Racine,  Wis.;  Reno,  Hev.;  Rockford,  Ill.;  Sacramento,  Calif.;  Saginaw,  Mich.; 
San  Jose,  Calif.;  St.  Joseph,  Mo.;  St.  Petersburg,  Ela.;  Schenectady,  H  Y.; 
Sioux  City,  Iowa,  Sioux  Ealls,  S.  Dak.;  South  Bend,  Ind.;  Springfield,  111* I 
Springfield,  Ohio,  Stockton,  Calif.;  Superior,  Wis.;  Terre  Haute,  Ind.;  Topeka 
Kans.;  Waco,  Tex.;  Waterbury,  Conn.;  Wichita  Ealls,  Tex.;  Williamsport,  Pa.; 
Wheeling,  W.  "Va.;  Winston-Salem,  H.  C.;  Wilkes-Barre,  Pa.;  Woonsocket,  R.  I.; 
York,  Pa.  30  -  (8856) 
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SPECIALLY  RECOMMENDED  TRAILING  CABLES  ‘ 

(Cables  added  to  recommended  list  during  December,  1930) 

By  L.  C.  Ilsley^ 

A  specially  recommended  cable  is  a  rubber-sheathed  cable  that  has  met  the  minimum 
performance  requirements  for  cables  as  set  forth  in  Schedule  2C.® 

The  first  in  the  series  of  recommended  cables  was  listed  September,  1930,  by  an  ad¬ 
vance  notice  published  as  Information  Circular  6375^  which  descriced  the  conditions  under 
which  the  cable  tests  were  made.  Since  that  time  six  additional  cables  have  met  the  test  re¬ 
quirements  and  have  been  specially  recommended.  The  complete  list  of  specially  recommended, 
cables  is  as  follows: 

Specially  recommended-cables 


Cable 

Symbol  No. 

Stranding; 

Manufacturer 

Hazacord  No.  2 

BMl 

19  X  7 

Hazard  Insulated  Wire  Works 

(division  of  the  Okonite  Co.) 

Hazacord  No.  3 

BM2 

do . 

Do. 

Hazacord  No.  4 

BM3 

do . 

Do. 

Super-service  No. 

3 

BM4 

7  X  19 

Rome  Wire  Company  (division  of 
the  General  Cable  Corporation) 

Super-service  No. 

2 

BM5 

do . 

Do. 

Super-service  No.. 

4 

BM6 

do . 

Do. 

Super-service  No. 

4 

BM7 

7x  7 

Do. 

The  cables  listed  were  all  twin  (parallel  duplex)  cables  having  outer  belts  or  cov¬ 
erings  of  approximately  -j-inch  high-grade  rubber  compound,  and  have  the  same  general  appear¬ 
ance  and  relative  dimensions  as  the  types  of  twin  cables  in  general  use. 

The  cables  were  tested  under  conditions  designed  to  show  their  approximate  perform¬ 
ance  under  mine  conditions.  Only  twin-type  cables  have  met  these  test  conditions.  Although 
the  recommended  trailing  cables  are  much  better  and  safer  for  mine  use  than  other  cables  and 
withstand  being  run  over  by  a  7-ton  car,  they  should  not  be  considered  as  100  per  cent  safe. 

The  7-ton  car  test  represents  the  minimum  limit  requirement  effective  at  present 
under  Schedule  2-C,  but  the  test  car  operates  on  a  straight  and  level  track,  and  thus  does 
not  represent  the  more  severe  conditions  of  mine  use  such  as  might  result  from  uneven  and 
curved  tracks. 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 
"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6442." 

2  Electrical  engineer,  U.  S.  Bureau  of  Mines,  Pittsburgh  Experiment  Station,  Pittsburgh,  Pa. 

3  U.  S.  Bureau  of  Mines,  Explosion-Proof  Mine  Equipment  Requirements  for  Approval  of  Storage-Battery  Locomotives  and 
Power  Trucks,  Junction  Boxes  and  Electric  Motor-Driven  Equipment:  Schedule  2C,  February,  1930,  27  pp. 

4  Ilsley,  L.  C.,  Special  Recommended  Trailing  Cable  (advance  notice):  Information  Circular  6375,  Bureau  of  Mines, 
4  Ilsley,  L.  C.,  Special  Recommended  Trailing  Cable  (advance  notice):  I.  C.  6375,  Bureau  of  Mines,  1930,  2pp. 
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EEQUIHUmTTS  FOP-  BOLTS  AlTD  SIMILAR  FAS'OTIITGS  FOE 
PSKinSSIBia  ELECTEICAL  EQUIPI^lEETi 

■  ■  ■  By  L.  C.  Ilsley^ 

The  observations  mad-e  by  Bureau  of  Mines  engineers  of  permissible 
equipment  installed  in  about  40  mines  have  indicated  a  chance  for  improvement 
in  designs  calling  for  the  use  of  bolts,  screws,  studs,  etc.,  especially  with 
respect  to  bolt  sizes  and  protection  from  mechanical  injury. 

Minimum  Size  of  Bolts 

In  a  recent  conference  with  engineers  of  a  large  manufacturing  com¬ 
pany  the  question  of  bolt  -sizes  was  being  discussed,  and  a  story  was  told 
which  fits  the  case  so  well  that  it  is  included  here.  It  seems  that  a  young 
engineer  brought  a  design  having  :|'-inch  bolts  to  an  old-time  engineer  for 
criticism.  The  latter  said  the  bolts  should  be  larger;  the  other  argued  that 
they  had  an  adequate  factor  of  safety.  The  old  engineer  said  "Young  man,  in 
mining  work  engineering  sense  begins  with  •g--inch  bolts."  And  this  is  the 
position  Bureau  of  Mines  engineers  take  after  seeing  the  trouble  experienced 
in  maintaining  equipment  in  mines  where  smaller  than  ^-inch  bolts  are  used. 
Having  been  convinced  of  this  point,  the  bureau  is  urging  everyone  to  take 
this  matter  under  careful  consideration  when  bringing  out  any  new  designs. 

Protection  of  Bolt  Heads 

Field  investigations  have  also  shown  that  where  bolt  heads  are  ex¬ 
posed  to  the  wear  of  chains,  ropes,  or  even  coal  and  rock  ribs,  the  equipment 
is  rendered  less  than  safe  and  in.  effect  becomes  substandard.  This  point  should 
be  kept  in  mind  when  laying  out  new  designs  where  permissibility  is  involved. 

Spacing  of  Bolts 

ITo  fixed  rule  for  spacing  bolts  can  be  laid  down.  Compartments  having 
flanges  in  one  plane  will  require  closer  bolting  space  than  stepped  flanges. 

The  Durea.u’ 3  criterion  of  sufficient  bolting  rests  solely  on  whether  flames 
are  resti'icted.  It  is  not  good  practice  to  have  a  bolt  so  located  with  respect 
to  a  corner  as  to  leave  the  corner  to  any  considerable  extent  undamped  in  case 


1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 

following  lootnote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6432." 

2  -  Electrical  engineer,  U,  S.  Bureau  of  Mines,  Pittsb-orgh  Experiment  Station, 

Pittsburgh,  Pa, 
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the  corner  holt  is  missing.  As  far.. as  .feasible,  to  he  effective  holts  should 
he  on  or  near  the  flange  center  line.  A  large  number  of  holts  prevent  ready 
access  to  the  compartments.  .This  fault. can  in  some  cases  he  largely  overcome 
by  providing  more  accessible  inspection  openings  in  the  bolted  cover. 

Pro;iectj.ng  Studs  to  he  Avoided 

^  ■*  . 

Studs  should  not  project  through  the  nuts.  In  a  typical  case  the 
thread  which  is  above  the  nut  becomes  battered,  and  in  trying  to  remove  the 
nut  the  stud  is  loosened.  Each  time  the  stud  is  removed,  dirt  gets  into  the 
hole,  and  finally  the  stud  enters  the  hole  only  a  little  way,  stripping  the 
few  effective  threads.  This  meeus  that  the  hole  must  be  re-drilled  and  tapped 
for  a  larger  stud,  also  the  hole  in  the  cover  must  be  enlarged  and  an  oversize 
stud  obtained.  In  many  cases  the  operator  does  not  go  to  this  trouble  and  no 
fastening  is  used  at' that- particular  point .  This  is  an  important  point  in  the 
maintenance  of  permissible  outfits. 

Length  of  Can  Screws  and  Studs 

The  bureau  is  checking  the  size  of  cap  screws  and  studs  used  in 
bottomed  holes  to  make  sure  that  they  are  not  too  long.  If  they  are  too  long 
they  may  bear  on  the  bottomed  hole  before  the  head  has  a,  chance  to  do  its  work 
in  tightening  the  compartment.  Cap  screws  and  studs  should  not  bottom  even 
if  the  lock  washer  is  omitted.  Elat-headed  screws  are  particularly  difficult 
to  inspect  for  this  fault. 

Securing  Huts 

Various  schemes  are  used  by  designersto  keep. nuts  from  loosening. 

Lock  washers,  castellated  nuts,  and  nuts  with  drilled  holes  are  some  of  the 
devices  used.  Wliere  a  number  of  nuts  are  wired  together,  it  is  difficult  to 
save  the  wire,  consequently  unless  a  supply  of  \Tire  is  kept  on  hand  it  is 
liable  to  be  left  off  when  the  repair  job  is  completed.  In  a  good  many  cases, 
small  iron  wire  is  used  which  rapidly  deteriorates..  Wires  are  also  likely  to 
catch  on  clothes  or  scratch  the  operator’s  hands.  A  larger  nonrusting  seal 
wire  would  help  in  making  the  wires  last  longer.  In  simiming  up  the  situation, 
it  may  be  said  that  the  lock  washer  under  the  nut  seems  to  be  most  suitable 
for  a  majority  of  cases. 
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AMALGAMATION  PRACTICE  AT  PORCUPINE  UNITED  GOLD  MIKES,  LTD.,  TIMMINS,  ONT.' 

L  .  _  ■  By  Ronald  A.  Vary^ 

;  . -  .  -  INTRODUCTION 

This  paper  is  one  of  a  series  prepared  by  the  United  States  Bureau  of  Mines  deal¬ 
ing  with  milling  methods  and  costs.  In  view  of  the  current  revival  of  interest  in  gold  min¬ 
ing,  information  dealing  with  practices  and  costs  in  the  development  of  gold  properties  is 
apropos..  Milling  practice  at  a  small  gold  property  in  the  prospect  stage  is  described  where, 
with,  a  small  outlay  for  plant  and  equipment,  development  has  been  carried  on  for  about  20 
months  on  the  proceeds  of  the  mill  operation  with  little  additional  expenditure. 

The  paper  shows  about  what  may  be  expected  as  to  costs  at  a  small  property  operated 
under  northern  climatic  conditions  and  with  rigid  economy  throughout  the  plant. 

GENERAL  DESCRIPTION 

r* 

The  Porcupine  United  Gold  Mines  is  a  reorganization  of  a  group  of  claims  formerly 
owned  by  Canadel  Gold,  Ltd.  A  considerable  body  of  ore  was  partly_developed  by  the  former 
company,  but  work  was  stopped  for  four  years  or  more  until  the  property  was  taken  up  by  the 
present  company.  The  main  claims  where  development  work  is  being  carried  on  adjoin  the 
property  of  the  Hollinger  Gold  Mines  and  McIntyre  Gold  Mines  on  their  north  boundary. 

The  ore  which  occurs  in  narrow  but  high-grade  lenses  is  mined  by  shrinkage  sloping. 
It  consists  of  quartz  with  fine  stringers  of  mineralized  basaltic  schist,  or  of  banded  quartz 
.schist,  or  of  stringers  of  quartz  in  schist,  accompanied  by  pyrite  and  often  containing 
visible  gold.  The  gangue  rock  is  basaltic  schist. 

The  mill  is  an  amalgamation  plant  of  25  tons  daily  capacity,  installed  as  a  pilot 
mill  to  help  defray  costs  of  development  and  to  treat  high-grade  ore,  with  a  cyanide  plant 
the  final  objective  as  soon  as  mining  developments  warrant  one. 

Water  for  the  mill  is  obtained  from  the  mine,  the  underground  pumps  discharging 
directly  to  the  mill  tank. 

-  .  .  Power  is  furnished  by  the  Northern  Canada  Power  Co.  which  supplies  all  the  mines  of 
northern  Ontario.  The  power  is  transmitted  from  hydroelectric  plants  at  11,000  volts  and  is 
stepped  down  at  the  property  to  a  550-volt,  3-phase,  25-cycle  current  which  operates  all  mine 
motors. 


1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 

"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6433." 

Z  -  One  of  the  ccnsulting  engineers,  U.  S.  Bureau  of  Mines,  and  mill  foreman,  Porcupine  United  Gold  Mines,  Ltd. 
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V. 


About  75  per  cent  of  the  gold  in  the  ore  is  free  milling  and  is  mostly  fairly 

coarse . 


The  plant  was  put  in  operation  on  March  24,  1929,  and  has  treated  20  to  30  tons  of 
ore  daily  up  to  the  present. 


CRUSHING 

Hoisting  and  crushing  are  done  on  day  shift  only.  Large  pieces  of  barren  rock  are 
sorted  from  the  ore  underground  and  disposed  of  as  waste.  The  milling  ore  is  trammed  to  the 
shaft  and  hoisted  to  the  surface  in  cars  of  approximately  1-ton  oapacity.  The  crushing  plant 
is  located  in  the  shaft  house  and  the  ore  is  dumped  as  hoisted  on  a  grizzly  of  40-pound 
rails  spaced  5  inches  apart,  which  covers  the  whole  of  the  crusher  ore  bin.  Large  chunks 
are  broken  up  and  put  through  the  grizzly  by  the  shaft  deck  man.  The  capacity  of  the  crusher 
bin  is  15  tons.  The  crude  ore  is  fed  to  a  7  by  10-foot  Allis-Chalmers  jaw  crusher  driven  by 
a  15-hp.  motor.  The  crusher  breaks  the  ore  to  1  by  1-1/2  inches  and  discharges  it  to  a  12- 
inch  conveyor  belt,  feeding  a  10  by  18  inch  Allis  Chalmers  rolls  (see  flow  sheet,  fig.  1). 
The  product  from  the  rolls,  75  per  cent  of  which  is  less  than  1/2-inch  mesh,  falls  on  a  12- 
inch  conveyor  belt,  traveling  100  feet  per  minute,  and  is  conveyed  to  the  mill  which  is  lo¬ 
cated  75  feet  from  the  shaft  house.  A  10-hp.  motor  belted  to  a  countershaft  drives  the 
rolls  and  the  roll-feeder  conveyor.  Both  rolls  are  operated  at  90  r.p.m.  Occasional  burn¬ 
ing  off  of  high  ridges  on  the  shells  is  required  to  keep  them  in  shape.  The  crusher  plant 
is  operated  by  one  man  who  does  the  necessary  repair  work  and  helps  in  the  mill  when  he  is 
not  tending  the  crusher.  The  12-inch  conveyor  discharges  into  the  boot  of  an  elevator  with 
10-inch  buckets  spaced  18  inches  apart,  33-fQOt  centers,  speed  250  feet  per  minute,  which 
delivers  the  ore  to  the  mill  bin.  This  bin  is  12  by  12  by  10  feet  and  is  constructed  of 
3-inch  planks.  It  has  a  capacity  of  about  50  tons. 

GRINDING 

Grinding  is  done  in  a  4-1/2-foot  by  16-inch  Hardinge  mill,  carrying  a  ball  load  of 
approximately  4,000  pounds.  It  is  operated  at  31  r.p.m.  and  grinds  an  average  of  25  tons  of 
ore  per  24  hours  to  65  per  cent  through  200  mesh.  A  circulating  load  of  125  per  cent  is 
maintained  in  the  ball  mill.  The  discharge  from  the  ball  mill  contains  32  to  36  per  cent 
solids.  Four-inch  forged-steel  balls  are  used.  Their  wear  is  approximately  1-1/2  pounds 
per  ton  of  ore  ground.  The  standard,  wedge-bar,  manganese-steel  liners  in  the  mill  last  12 
to  15  months.  The  ball  mill  is  in  closed  circuit  with  two  amalgamation  plates  and  a  4  by 
15  foot  Duplex  Dorr  classifier  inclined  2  inches  to  1  foot  and  making  26  strokes  per  minute. 
The  classifier  rake  product  is  returned  by  gravity  to  the  ball-mill  feeder  scoop  where  water 
is  added  for  regulation  of  the  moisture  content  of  the  ball-mill  charge.  The  overflow  of 
the  classifier  is  sampled  hourly  by  hand  by  taking  dip  samples  from  its  overflow  launder. 
The  ball-mill  is  belt-driven  from  a  line  shaft  which  is  belted  to  a  50-hp.  motor.  The  line 
shaft  and  motor  supply  power  for  all  mill  machinery  including  the  12-inch  conveyor  belt  from 
the  crusher  plant  and  the  elevator.  The  Dorr  classifier  is  driven  by  a  5-hp.,  3-phase, 
550-volt  motor. 


AMALGAMATION 

The  ball-mill  discharge  falls  into  a  distributing  box  where  water  is  added  and  the 
flow  distributed  to  two  4  by  8  foot  copper  amalgamation  plates  1/8-inch  thick  and  with  a 
slope  of  1-5/8  inches  to  1  foot.  The  distributing  box  traps  considerable  coarse  gold.  The 
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box  is  cleaned  out  once  a  week  and  its  contents  are  run  through  an  amalgamation  barrel.  The 
table  frames  supporting  the  amalgamation  plates  are  constructed  of  2  by  4  inch  lumber,  with 
cross  pieces  placed  on  edge  and  spaced  6  inches  apart.  The  table  decks  are  made  of  1-inch 
shiplap  on  which  the  copper  plates  are  screwed.  The  slope  of  the  deck  can  be  changed  to  suit 
conditions  by  placing  wedges  between  the  deck  and  the  table  frame.  The  plates  are  not  silver¬ 
ed  and  the  copper  has  to  be  treated  with  a  weak  cyanide  solution  before  the  mercury  will 
amalgamate  with  the  copper.  Little  trouble  has  been  experienced  by  copper  showing  on  the 
plates. 


Mercury  is  shaken  on  the  top  half  of  the  plates  and  none  is  added  elsewhere.  The 
plates  are  ordinarily  dressed  every  three  hours,  but  oftener  if  the  ore  is  rich,  depending 
upon  the  judgment  of  the  operator.  The  method  employed  in  cleaning  a  plate  is  to  by-pass  all 
the  feed  to  the  other  plate,  clean  off  all  ore  particles,  then  brush  the  plate  well  with  a 
stiff  whisk  broom,  working  any  loose  amalgam  to  the  top  of  the  plate.  This  loosened  amalgam 
is  removed  and  if  this  leaves  the  plate  too  dry,  mercury  is  shaken  on  and  rubbed  in  well. 
The  plate  is  then  brushed  horizontally,  working  from  the  center  to  the  sides  and  starting  at 
the  bottom  and  working  to  the  top  of  the  plate.  Any  amalgam  or  loose  mercury  adhering  to 
sides  of  the  plate  is  then  brushed  to  the  top  or  removed  if  the  amount  is  appreciable. 

On  the  morning  shift  the  plates  are  given  an  extra  brushing  and  mercury  is  added 
to  loosen  the  amalgam.  Then  the  amalgam  is  stripped  off  with  a  piece  of  rubber  conveyor 
belting,  stripping  being  done  horizontally  to  the  flow  on  the  plate;  the  amalgam  is  lifted 
and  the  plates  are  redressed  in  the  usual  manner.  Care  is  taken  that  the  plates  are  not 
stripped  too  clean. 

Very  little  crystallization  of  the  copper  takes  place,  and  the  plates  are  rubbed 
occasionally  with  a  weak  cyanide  solution  which  removes  any  tarnish  or  stains.  Sufficient 
water  is  used  to  maintain  an  even  flow  of  pulp  over  the  plates  and  when  the  ball-mill  dis¬ 
charges  too  much  coarse  material,  the  feed  is  cut  off  for  a  short  period.  Forty  per  cent  of 
the  total  gold  recovery  is  made  on  the  amalgamation  plates. 

BLANKET  TREATMENT 

On  the  lower  end  of  each  table  below  the  amalgamation  plate,  a  sheet  of  1/8-inch 
iron  plate,  42  by  48  inches,  is  fastened.  A  blanket  of  No.  6  silence  cloth  is  laid  on  this 
plate  and  secured  by  a  flat  iron  bar  1/8-inch  thick  and  2  inches  wide  laid  on  top  of  the 
blanket.  The  bar  is  held  by  notches  cut  in  the  table  frame.  The  pulp  from  the  amalgamation 
plates  passes  over  the  blankets  and  pyrite,  fine  gold,  and  mercury  from  the  plates  are  caught 
on  the  blankets.  The  blankets  are  changed  and  washed  in  a  tub  after  each  dressing  of  the 
plates,  the  blanket  concentrates  being  sent  to  the  amalgamation  barrel  for  treatment.  The 
plate  and  blanket  tailings  drop  to  amalgam  traps  at  the  end  of  each  table  and  are  elevated 
therefrom  by  an  8— inch  bucket  elevator  which  returns  them  to  the  Dorr  classifier.  This  ele¬ 
vator  has  a  deep  sump  which  is  a  good  trap  and  which  is  cleaned  out  at  regular  intervals. 
Amalgamation  takes  place  in  the  whole  circuit.  Elevator  discharge  launders,  classifier  and 
other  launders,  all  collect  rich  sands  and  amalgam;  these  are  cleaned  out  periodically  and 
treated  in  the  amalgamation  barrel.  Thirty— five  per  cent  of  the  gold  is  recovered  by  barrel 
treatment. 


CONCENTRATION 

The  rake  product  from  the  Dorr  classifier  is  returned  to  the  ball  mill,  and  the 
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overflow  runs  by  gravity  to  a  Gibson  impact  amalgamator,  attached  to  a  James  sand  concentrat¬ 
ing  table.  The  amalgamator  catches  float  mercury  and  fine  gold  which  has  escaped  the  amalga¬ 
mation  plates,  blankets,  and  traps.  The  amalgamator  is  opened,  washed,  and  its  plates  are 
scraped  once  a  week.  The  James  table  is  operated  at  250  r.p.m.  with  a  3/4-inch  stroke.  The 
table  concentrates,  averaging  $40  per  ton,  are  dewatered  and  sent  for  cyanide  treatment  to 
an  affiliated  company.  The  table  tailings  are  elevated  by  an  8-inch  bucket  elevator  to  the 
tailings  dump.  The  table  concentrates  and  table  tailings  are  both  sampled  hourly  by  hand  by 
taking  dip  samples  from  their  launders. 

BARREL  AMALGAMATION 

The  concentrates  or  sands  from  the  blankets,  traps,  launders,  etc.,  are  ground  for 
10  hours  in  a  cast-iron  amalgamation  barrel,  16  inches  in  diameter  and  36  inches  long,  re¬ 
volving  at  22  r.p.m.,  using  worn  balls  from  the  ball  mill  as  grinding  media.  Then  about  250 
ounces  of  mercury  and  3  pounds  of  slacked  lime  are  added  to  the  charge  and  it  is  again  ground 
from  5  to  8  hours.  The  barrel  is  washed  out  into  a  box,  the  iron  balls  are  carefully  cleaned 
by  hand,  and  the  residue  is  run  over  a  small  amalgamation  plate  to  the  mill  circuit.  The 
mercury  and  amalgam  are  collected,  washed,  and  cleaned  with  hot  water  and  then  squeezed  by 
hand  through  fine  sheeting  to  eliminate  excess  mercury,  retaining  the  amalgam  in  the  form  of 
a  ball. 


The  amalgam  is  retorted  outside  the  mill  over  a  wood  fire  at  regular  intervals, 
using  a  cast-iron  retort  which  has  a  capacity  of  1,000  ounces.  The  sponge  gold  recovery  is 
35  to  40  per  cent  of  the  weight  of  the  amalgam  retorted  and  the  mercury  loss  is  small.  The 
sponge  gold  is  melted  in  an  oil-burning  furnace  at  the  affiliated  company's  refinery.  .Soda, 
borax,  and  manganese  dioxide  are  used  for  flux,  and  the  moulds  are  coated  with  lampblack. 
The  bullion  is  sampled  by  drilling  small  holes  in  opposite  ends  of  the  bar  at  top  and  bottom. 
The  average  grade  of  bullion  is:  Gold,  770  fine;  silver,  120  to  140  fine. 

The  crew  for  the  mill  consists  of  two  amalgamators  working  eight  hours  each.  On 
the  day  shift  the  mill  is  operated  by  a  mill  foreman  who  takes  care  of  cleaning  the  amalgam, 
retorting,  and  melting. 


On  a  per-ton  basis,  labor  costs  are  as  follows: 

Man-hours  per  ton 


Crushing 

0.32 

Amalgamation 

0.64 

Plant  foreman 

0.32 

Total  labor 

1.28 

Table  1, 

. — Assavs 

Gold  content  per  ton 


Average  heads  to  amalgamation  plant  $11.00 
Table  heads  (amalgamation,  tailings)  2.80 
Table  tailings  1.80 
Table  concentrates  40.00 
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Table  2. — Operation  costs  per  ton  of  ore  treated 


Labor 

Power 

Supplies 

Total 

Crushing  . 

$.214 

$.135 

$.035 

$.384 

Grinding . 

.429 

.180 

.162 

.771 

Classifying,  screening. 

conveying,  and  refining  .429 

.090 

.107 

.626 

Miscellaneous . 

.070 

.070 

Totals . 

$1,072 

$.405 

$.374 

$1,851 

Table  3. — Unit  supply 

consumption 

1.  Steel  and  Iron 

Ball  consumption. 

pounds  per 

ton  ore 

milled. 

1.50 

Liner  consumption. 

pounds  per 

ton  ore 

milled 

.48 

2.  Mercury,  ounces  per 

ton  ore  milled . 

.05 

3.  Power,  kw.h.  per  ton 

ore  milled 

40.00 
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Tails  to  waste 

- ^ - ^ 

1.  Grizzly 

2.  Crude  ore  bin 

S.  Jaw  crusher 
JIf.  Belt  conveyor 

5.  Rolls 

6.  Belt  conveyor 

7.  Bticket  elevator 

8.  Mill  ore  bin 

9.  Chute 

10.  BalUmill  feed  conveyor 

11.  Ball  mill 

12.  Amalgamation  plates 

13.  Blankets 

11.  Bucket  elevator 

15.  Dorr  classifier 

16.  Gibson  amalgamatior 

17.  James  tables 

18.  Tailings  elevator 

19.  Water  tank 

20.  Amalgamation  barrel 

21.  Concentrates  bin 
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DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


SUPERVISION  AS  A  MEANS  OF  PREVENTING  ACCIDENTS 
FROM  FALLS  OF  ROOF  AND  COAL ^ 

By  W.  H.  Forbes^ 

The  prevention  of  accidents  frcm  falls  of  roof  and  coal  requires  a  considerable 
amount  of  personal  judgment,  for  conditions  are  different  even  in  adjoining  working  places 
in  the  same  mine,  and  conditions  may  change  from  hour  to  hour  even  in  the  same  working  place 
as  the  coal  is  shot  down  and  loaded.  Experience  has  shown  that  many  men  can  not  or  do  not 
exercise  enough  care  to  protect  themselves  from  injuries;  moreover,  where  the  foremen  have 
been  made  directly  responsible  for  the  safety  of  the  men  under  them,  accidents  from  falls  of 
roof  and  coal  have,  in  many  instances,  been  reduced  as  much  as  50  per  cent.  There  is  now  no 
question  that  careful,  constant,  and  intensive  supervision  is  essential  in  preventing  acci¬ 
dents  and  more  especially  accidents  of  this  class. 

Falls  of  roof  and  of  coal  account  for  approximately  50  per  cent  of  all  coal  mine 
accidents  and  annually  result  in  the  death  of  approximately  1,000  men  and  cause  lost-time 
injury  to  approximately  50,000  men.  These  and  other  accidents  are  recurring  with  little  or 
no  diminution,  usually  not  because  of  the  lack  of  knowledge  of  safe  and  dangerous  practices, 
or  of  the  technique  of  safety,  but  largely  because  of  the  lukewarm  interest  of  major  execu¬ 
tives  in  safety  or  the  failure  of  mine  officials  to  formulate  and  to  enforce  common-sense 
rules  and  regulations.  When  failure  is  the  outcome  of  a  sincere  attempt  of  the  managing 
officials  to  teach  safety  to  the  miner,  the  fault  may  usually  be  attributed  to  misguided 
effort. 


Various  solutions  for  the  problem  of  eliminating  accidents  from  falls  of  roof  or 
coal  have  been  suggested,  some  of  which  are:  Standard  system  of  timbering  for  the  specified 
mining  districts;  departure  from  the  room-and-pillar  system  to  a  more  concentrated  system  of 
mining;  more  intensive  supervision  -  that  is,  1  section  foreman  for  every  25  loaders  instead 
of  1  section  foreman  for  75,  80,  or  even  more  loaders  -  the  practice  in  most  mining  dis¬ 
tricts  . 


However,  investigations  conducted  by  the  writer  at  numerous  mines  operated  by  a 
number  of  lining  companies  in  several  distriots  show  that  employees  and  officials  alike  are 
inclined  to  work  under  loose  and  unsupported  roof,  relying  solely  on  the  "drummy"  sound  and 
on  their  judgment  and  experience  as  to  whether  the  roof  will  stay  in  place  for  one  hour  or 
for  several  hours.  With  but  few  exceptions,  men  who  had  been  injured  by  falls  of  roof  or 
coal  or  were  found  working  under  loose  and  unsupported  roof,  admitted  that  they  knew  of  the 
possibly  unsafe  condition,  but  it  was  their  opinion  that  the  roof  or  coal  was  not  loose 
enough  to  fall  for  some  time. 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  Is  used: 

"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6434." 

Z  assistant  mining  engineer,  U.  S.  Bureau  of  Mines  Safety  Station,  Vlnoennes,  Ind. 
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In  many  instances  where  miners  were  found  working  under  loose  roof  without  posts, 
the  companies  had  rules  requiring  them  to  place  posts  in  their  places  to  within  6  or  8  feet 
of  the  working  face.  In  some  instances  the  rules  also  provided  for  an  inspection  by  an 
assistant  foreman  at  least  once  every  two  hours,  proving  that  these  coal  companies  intend 
that  their  mines  shall  be  operated  safely  and  efficiently. 

The  various  investigations  also  revealed  that  as  a  rule,  a  plentiful  supply  of 
relatively  good  timber  was  available,  and  that  few  accidents  from  falls  of  roof  or  ooal  could 
be  attributed  to  an  inadequate  supply  of  suitable  timber.  It  was  also  found  that  officials 
and  miners  alike  were  generally  familiar  with  the  sizes  of  timber  necessary  and  the  various 
methods  of  placing  them,  so  that  lack  of  knowledge  on  this  particular  phase  of  mining  can 
not  be  blamed  for  the  high  accident  rate. 

Many  examples  of  delayed  timbering  and  careless  timbering  were  observed,  such  as 
timbering  to  within  20  to  30  feet  of  the  working  face  when  company  rules  provided  that 
timbers  should  be  within  6  or  8  feet  of  the  face;  no  safety  or  center  posts  near  the  face 
when  company  rules  provided  that  safety  posts  should  be  set  before  commencing  work  and  should 
remain  intact  until  the  working  place  was  cleaned  up;  no  temporary  or  safety  posts  set  prior 
to  commencing  work  in  connection  with  taking  down  loose  roof  on  roadways  or  at  the  working 
faces;  the  use  of  chips  of  wood  for  cap  pieces  or  the  elimination  of  cap  pieces  altogether, 
and  various  slovenly  practices  in  the  setting  of  posts.  These  faots  are  known  to  practically 
every  man  engaged  in  the  mining  industry,  and  the  writer  is  of  the  opinion  that  most  aooi- 
dents,  both  serious  and  fatal,  resulting  from  falls  of  roof  or  coal,  can  be  attributed  to 
one  or  a  combination  of  these  causes. 

It  is  obvious,  then,  that  as  long  as  men  engaged  in  the  mining  industry,  including 
mine  officials  as  well  as  workers,  continue  to  disregard  such  dangers  and  entertain  their 
present  attitude  of  apparent  indifference  or  carelessness,  so  long  will  this  particular 
hazard  continue  to  exact  its  toll  of  human  life.  If  the  needless  sacrifice  of  human  life  by 
falls  of  roof  and  coal  is  to  be  stopped  or  curbed,  men  must  realize  that  a  few  good  posts 
will  hold  up  slate  more  surely  than  many  long  years  of  experience  in  guessing  by  sound  or 
otherwise  will  determine  how  long  loose  overhead  material  will  take  to  fall. 

All  loose  roof  must  be  considered  as  dangerous  and  as  soon  as  it  is  detected  it 
should  either  be  securely  timbered  or  taken  down.  The  day  of  guesswork  should  have  passed 
long  ago;  we  should  now  attempt  to  profit  by  the  sad  mistakes  of  the  thousands  who  have  fall¬ 
en  victims  to  faulty  judgment  in  testing  roof  or  trying  to  determine  how  many  hours  the 
loose  material  would  remain  in  place  without  timber  support. 

Many  instances  of  men  at  work  under  loose  and  unsupported  roof  because  they  were 
not  sure  just  where  the  track  would  be  placed,  or  just  how  much  room  the  trackman  would  need 
for  the  turn  when  he  laid  it,  were  observed,  and  on  several  occasions,  officials  were  heard 
to  give  warning  to  "Watch  that  piece  of  slate!  It  is  loose.  Better  set  some  posts  after 
you  load  a  few  cars."  But  alas,  in  many  instances,  the  advice  went  unheeded  until  too  late. 

Both  miners  and  officials  are  at  fault  in  following  such  practices.  Under  no  con¬ 
sideration  should  men  be  permitted  to  work  under  loose  and  unsupported  roof,  loading  out 
sufficient  coal  for  the  accommodation  of  a  permanent  post  or  while  waiting  for  the  track  to 
be  laid  or  the  turn  put  in.  The  first  duty  should  be  the  immediate  protection  of  workers  by 
the  setting  of  temporary  posts;  the  loading  of  coal  to  make  room  for  track  or  permanent 
posts  should  be  a  secondary  consideration. 
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In  well-regulated  mines  timbering  is  done  systematically  and  is  made  a  necessary 
part  of  the  day's  work,  and  usually  the  result  is  that  accidents  from  falls  of  roof  are  few 
and  far  between.  Nothing  is  to  be  gained  by  failure  to  set  posts  in  working  places  to  with¬ 
in  6  or  8  feet  of  the  coal  face,  and  this  is  especially  true  where  the  places  must  be  tim¬ 
bered  ultimately.  Obviously,  the  maintenance  of  posts  close  to  the  face  works  to  the  inter¬ 
est  of  the  miner  and  company  alike. 

Men  working  at  the  face  should  know  their  jobs  well  enough  and  be  sufficiently 
interested  in  their  own  personal  safety  to  set  posts  without  being  continually  told  to  do  so. 
The  supervisory  officials  should  not  only  instruct  them  but  insist  that  the  first  considera¬ 
tion  be  the  setting  of  posts  at  regular  intervals  even  when  conditions  are  ideal,  and  the  use 
of  additional  posts  when  conditions  require  more  than  the  minimum  provided  by  company 
standards.  Some  mining  company  officials  claim  that  they  are  unable  to  induce  their  em¬ 
ployees  to  set  posts  or  follow  out  other  safe  practices;  this  is  pure  nonsense,  and  such 
statements  are  prima  facie  evidence  of  faulty  supervision.  It  should  be  borne  in  mind  that 
men  engaged  in  mining  are  not  different  in  any  respect  from  men  who  work  in  mills,  factories, 
or  other  industries,  except  that  in  the  latter,  well-defined  operating  rules  and  safety 
standards  have  been  set  up  and  all  men  are  given  to  understand  when  they  are  employed  and 
before  they  start  to  work  that  the  rules  and  standards  must  be  lived  up  to  in  every  respect, 
and  a  sufficient  number  of  competent  supervisory  officials  are  employed  to  see  that  such 
rules  are  enforced. 

Without  a  doubt  accidents  from  falls  of  roof  or  coal  will  be  reducea  to  a  minimum 
as  will  all  other  classes  of  accidents  when  mining  companies  decide  to  operate  their  mines 
as  all  well-regulated  industries  are  operated.  The  adoption  and  enforcement  of  up-to-date 
rules  and  standards  will  not  only  aid  materially  to  solve  the  accident  problem,  but  will  also 
increase  the  efficiency  in  every  mining  organization.  It  is  obvious  that  the  same  rules  and 
standards  will  not  be  applicable  to  all  mines  or  even  to  more  or  less  adjacent  mines  in  any 
one  county  or  district;  each  company  should  adopt  its  own  rules  and  standards  to  suit  its 
particular  requirements.  After  rules  and  standards  have  been  adopted,  they  should  be  rigidly 
enforced  by  a  sufficient  number  of  competent  supervisory  officials,  and  in  general  this  re¬ 
quires  that  there  be  at  least  one  "on  the  job"  supervisor  for  approximately  each  25  workers. 
Teach  a  man  to  be  a  oareful  and  conscientious  workman,  and  in  most  instances  he  will  con¬ 
tinue  without  great  effort  to  take  sufficient  interest  in  his  work  to  do  it  well  and  to  feel 
justly  proud  of  a  well-kept  working  place.  On  the  other  hand,  if  the  offioials  to  whom  he 
looks  for  guidance  encourage,  by  silent  consent  or  otherwise,  carelessness  and  indifference 
with  respect  to  the  keeping  of  working  places  in  an  unsafe  condition,  the  workman  is  ex¬ 
tremely  likely  to  be  careless  and  indifferent  and  to  lack  the  characteristics  of  a  good  work¬ 
man.  The  officials,  by  proper  conduct  and  good  example,  can  do  much  toward  cultivating 
safety  habits  among  workmen;  in  fact,  the  supervisory  officials  are  now  acknowledged  to  hold 
in  their  hands  the  safety  not  only  of  the  mine  but  of  every  individual  who  works  in  or 
around  the  mine;  and  there  is  no  type  of  accident  which  occurs  in  coal  mines  which  is  so 
readily  preventable  through  proper  supervision  as  that  due  to  falls  of  roof  and  coal. 

SUPERVISION 


What  is  effective  supervision? 

Supervision  consists  in  seeing  that  the  work  in  hand  is  carried  out  according  to 
instructions  or  standard  practice.  This  means  checking  men,  materials,  and  equipment  in  such 
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a  way  that  any  errors  of  ommission  or  commission  will  be  detected  and  corrected  before 
serious  damage  is  done.  Supervision  is  only  a  part  of  a  foreman's  duty,  but  it  is  that  part 
where  contact  is  made  with  men,  and  it  largely  determines  the  success  of  the  foreman. 

With  the  expansion  of  industry,  the  foreman  is  generally  recognized  as  holding  the 
key  position  not  only  in  efficiency  but  also  in  safety,  since  the  maintenance  of  a  competent, 
productive  working  force  rests  largely  upon  his  ability  to  lead  and  inspire  confidence  in 
those  under  his  direction.  The  success  of  safety  work  depends  in  large  part  upon  his  efforts 
to  develop  in  his  men  a  proper  interest  and  attitude  toward  safe  working  conditions  and 
methods.  The  attitude  of  supervisory  officials  tov/ard  safety  is  generally  considered  as  the 
determining  factor  in  the  success  or  failure  of  accident  prevention  work.  This  attitude  is 
directly  influenced  by  the  higher  officials,  through  repeated  indication  by  them  of  the 
importance  they  attach  to  accident  prevention. 

Experience  has  demonstrated  that  there  is  one  fundamental  principle  underlying  all 
effective  accident  prevention  activities  -  namely,  that  safety  is  a  definite  and  integral 
part  of  efficient  supervision.  A  reduction  of  accidents,  as  a  rule,  can  not  be  accomplished 
by  the  discharge  of  so-called  careless  men,  as  this  usually  necessitates  the  employment  of 
new  and  untrained  men  who  may  be  equally  careless.  This  statement  is  attested  to  by  the 
fact  that  some  companies  who  keep  accurate  employment  and  accident  records  show  conclusively 
that  most  of  their  accidents  occur  to  men  employed  for  periods  of  from  one  day  to  three 
months.  A  reduction  in  number  of  accidents  is,  to  a  very  large  extent,  dependent  upon  the 
ability  of  the  organization  to  obtain  the  proper  cooperation  from  its  existing  force;  this 
is  efficient  supervision,  whether  applied  by  the  highest  operating  officials  or  the  lowest- 
paid  "straw  boss." 

If  all  of  the  employees  were  interested  in  and  enthusiastic  about  their  "jobs"  and 
were  willing  to  cooperate  with  one  another,  if  all  instructions  were  made  perfectly  clear  to 
every  one  of  the  employees  -  then  supervision  could  be  reduced  to  the  minimum.  However, 
men's  mentalities  are  such  that  what  is  clear  to  one  may  be  confusing  to  another.  Where  one 
man  puts  his  whole  mind  on  his  work,  another  may  be  thinking  of  outside  pleasures  or 
troubles.  Where  one  man  may  think  in  terms  of  the  whole  organization,  another  may  think  only 
in  terms  of  his  ovm  job  or  his  private  desires.  Because  of  these  various  traits  in  man's 
character,  someone  must  continually  "check  up"  to  see  that  instructions  are  understood  and 
carried  out. 

The  starting  point  of  supervisory  relations  should  be  a  sincere  feeling  on  the  part 
of  the  foreman  that  each  man  wants  to  do  good  work.  That  is  a  human  characteristic  which 
may  not  always  appear  on  the  surface,  but  it  must  be  uncovered  before  any  real  progress  can 
be  made  with  any  man.  This  means  that  tact  and  diplomacy  must  be  a  part  of  the  foreman's 
equipment.  Tact,  to  secure  favorable  reactions  at  the  moment;  diplomacy,  in  planning  and 
doing  the  things  that  will  develop  the  right  relations  in  the  future.  Whenever  a  supervisor 
has  contact  with  his  men,  he  is  in  fact  "selling"  them  his  ideas  or  his  personality;  he  wants 
the  men  to  act  in  a  certain  way  and  his  problem  is  the  same  as  a  salesman's  problem  when  he 
is  selling  goods.  Supervision  is  the  part  of  a  foreman's  job  that  requires  reliability  - 
that  is,  every  day  faithfulness  and  dependability.  A  man  with  this  quality  may  make  a  good 
supervisor  even  though  it  takes  him  a  long  time  to  acquire  the  knov/ledge  necessary  for  the 
job.  Such  a  man  may  not  grasp  new  ideas  as  readily  as  some  other  man,  but  if  he  will  stick 
to  the  details  day  in  and  out,  he  will  be  valuable. 
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Two  men  were  found  in  a  pillar  working  with  only  one  post  poorly  set,  where  14 
posts  should  have  been  set  to  comply  with  company  timbering  standards.  The  section  foreman 
admitted  having  visited  these  two  men  at  least  eight  times  during  two  days  and  on  every  visit 
had  instructed  them  to  set  posts;  he  was  of  the  opinion  that  he  could  not  be  held  responsible 
since  he  had  told  the  men  to  set  the  posts  and  the  men  agreed  they  had  received  such  instruc¬ 
tions  but  had  not  complied  with  same  because  they  believed  the  roof  was  good  and  posts  were 
not  needed.  However,  when  the  section  foreman  was  asked  if  he  was  paid  to  tell  men  what  to 
do,  or  to  really  see  that  the  various  jobs  were  actually  done,  he  admitted  that  he  had  been 
wrong  and  should  see  that  his  orders  were  obeyed.  This  is  an  illustration  of  lack  of  effective 
supervision . 

Since  attention  and  interest  are  so  essential  in  securing  good  work,  the  supervisor 
can  greatly  lighten  his  task  by  paying  attention  to  these  requirements  himself.  An  inter¬ 
ested  and  satisfied  man  thinks  constructively,  whereas  a  disgruntled  man  will  think  destruc¬ 
tively,  even  to  the  point  of  destroying  himself  or  his  opportunities.  Therefore  every  con¬ 
tact  with  men  should  be  tactful,  and  the  best  basis  for  this  tact  is  the  feeling  that  the 
man  wants  to  do,  or  at  least  has  it  "in  him"  to  want  to  do  a  good  job  if  he  is  properly 
handled.  On  the  other  hand,  if  any  of  the  negative  qualities  such  as  inattention,  indiffer¬ 
ence,  doubt,  disgust,  indecision,  and  inaction  possess  a  man's  mind,  the  result  is  very  like¬ 
ly  to  be  dissatisfaction.  When  dissatisfaction  prevails,  then  to  keep  order,  supervision  may 
have  to  resort  to  discipline.  In  this  day  of  independence,  interest  is  a  much  better  working 
tool  than  discipline,  especially  when  the  latter  approaches  (as  it  often  does)  tyranny. 

The  success  of  a  foreman  will  depend  in  a  large  measure  on  his  attitude  toward  the 
men  under  his  supervision.  If  he  is  able  to  gain  their  respect  and  good  will  it  will  be  far 
easier  for  him  to  keep  the  men  interested  and  working  to  their  full  capacity. 

A  man's  work  may  be  checked  and  rechecked  and  the  instructions  repeated  to  him 
until  it  becomes  almost  second  nature  for  him  to  perform  his  v/ork  in  the  proper  manner,  yet 
supervision  must  continue  if  periodical  "slumps"  are  to  be  prevented. 

Proper  planning  of  v/ork  and  the  maintenance  of  a  clean  and  orderly  section  or  de¬ 
partment  -  including,  of  course,  clean  haulageways  and  surface  plant  -  are  also  essential  to 
safety.  A  reputation  for  "square  dealing"  and  a  sincere  interest  in  men  also  assists  the 
foreman  to  maintain  adequare  discipline.  Such  qualities  of  character  as  honesty,  sincerity, 
unselfishness,  and  charity  enlarge  and  gain  by  being  put  into  practice. 

The  same  principles  apply  to  our  safety  and  accident  prevention  program.  The  more 
thought  we  give  it,  the  more  we  must  realize  how  unnecessary,  distressing,  and  costly  acci¬ 
dents  are,  and  how  easily  they  can  be  prevented  with  the  exercise  of  reasonable  care.  The 
beginning  always  requires  an  added  effort.  To  start  is  hard,  but  after  a  good  start,  the 
work  of  accident  prevention  becomes  much  easier.  It  is  a  matter  of  developing  the  mind  along 
the  right  lines  so  that  everyone  can  accept  the  full  responsibility  that  goes  with  the  "job." 
The  development  of  the  mind  along  the  right  lines  depends  upon  the  care  given  it  and  the 
amount  and  kind  of  thinking  that  is  done. 

The  development  of  good  supervision  on  the  part  of  all  mine  officials  is  necessary 
if  our  coal  mines  are  to  reduce  accidents,  especially  those  resulting  from  falls  of  roof  and 
coal.  Supervision  means  not  only  giving  instructions  but  also  making  certain  that  they  are 
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fulfilled  at  the  time  specified,  and  generally  that  means  ^  once .  The  following  admirable 
set  of  rules,  largely  on  supervision,  are  in  effect  in  Alabama  coal-mining  regions,  and  the 
accident  record  of  Alabama  coal  mines  has  been  materially  bettered  in  recent  years  due  in 
large  part  to  the  enforcement  of  these  rules; 

REGULATIONS  FOR  PREVENTING  ROOF-FALL  ACCIDENTS 

1.  It  shall  be  the  duty  of  all  company  officials  to  exercise 
continuous,  unremitting  efforts  to  prevent  the  occurrence  of  accidents 
from  falls  of  roof. 

2.  The  strict  observance  and  enforcement  of  all  rules,  regu¬ 
lations  and  laws  for  safety  shall  be  a  condition  of  employment  for  all 
underground  officials  and  employees.  And  each  employee,  on  employment 
shall  be  furnished  a  rule  book  and  receipt  taken  for  same. 

3.  Disregard  of  rules,  regulations,  and  laws  with  respect  to 
roof  support  shall  be  cause  for  discipline  of  any  employee  or  official. 

4.  The  official  or  foreman  in  charge  of  any  section  of  a  mine 
shall  be  held  personally  accountable  for  workmen  in  his  charge  who  dis¬ 
regard  the  regulations  as  to  care  of  roof  and  timbering  and  shall  be 
subject  to  discipline. 

5.  A  foreman  or  face  boss  shall  not  be  placed  in  charge  of  a 
greater  number  of  working  places  or  men  than  he  can  visit  with  suffi¬ 
cient  frequency  during  a  shift  to  insure  observance  of  the  regulations. 

Such  visits  should  not  be  less  than  twice  per  shift. 

6.  Strict  adherence  to  a  definite  system  of  timbering, 
adopted  by  the  management  as  suitable  to  roof  conditions  in  the  partic¬ 
ular  mine  shall  be  compulsory.  Additional  timbers,  necessitated  by 
special  conditions,  shall  be  placed  immediately  as  determined  by  the 
supervising  official  or  by  the  worker. 

7.  Upon  finding  any  portion  of  the  roof  in  need  of  immediate 
attention,  the  supervising  official  shall  remain  and  see  that  any  dan¬ 
gerous  material  is  either  taken  down  or  properly  supported  with  timber¬ 
ing;  or  he  shall  order  the  workman  to  vacate  the  place  at  once  and 
shall  display  a  sign  of  danger  at  the  approach  to  the  place  until  such 
time  as  the  roof  is  made  safe. 

8.  The  miners  shall  have  suitable  tools  for  setting  timber. 

The  company  shall  supply  an  adequate  amount  of  suitable  timber  reason¬ 
ably  close  to  the  point  where  the  timber  must  be  used. 

9.  Each  accident  due  to  a  fall  of  roof  shall  be  thoroughly 
investigated  by  a  committee  of  underground  officials,  in  which  the 
official  in  charge  of  the  district  where  the  accident  occurred,  and  all 
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other  employees  there  at  the  time  of  the  accident  are  to  be  included. 
The  committee  shall  prepare  a  written  report  discussing  the  cause  of 
the  accident  and  include  detailed  sketches  of  the  scene  as  well  as  placing 
the  blame  for  the  accident. 

10.  In  the  interest  of  safety,  inexperienced  miners  should 
not  be  permitted  to  work  alone;  they  must  be  placed  so  that  they  work 
with  an  experienced  miner. 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


SAFETY  CARS  OF  THE  UNITED  STATES  BUREAU  OF  MINES ^ 

By  J.  J.  Forbes*  and  M.  J.  Ankeny^ 

One  of  the  main  functions  of  the  U.  S.  Bureau  of  Mines,  as  authorized  by  Congress, 
is  to  investigate  safety  and  health  conditions,  to  disseminate  information  regarding  safe  and 
unsafe  practices  in  mining,  and  to  aid  in  improving  safety  and  health  conditions  of  mining 
communities  and  in  promoting  the  welfare  of  the  miner.  Among  several  methods  of  reaching  the 
miner  and  interesting  him  in  safety  work,  perhaps  the  most  effective  is  through  the  11  mine 
safety  stations  and  11  railroad  cars  known  as  mine  rescue,  or  more  correctly,  mine  safety  cars. 

THE  safety  CARS 

Frequently,  the  Bureau  of  Mines  receives  requests  for  information  regarding  the 
purpose,  equipment,  personnel,  and  construction  of  its  safety  cars  used  in  the  field  service. 
It  is  the  intention  of  this  circular  to  present  to  the  mining  public  in  particular,  and  to 
the  public  in  general,  some  definite  information  regarding  these  safety  cars  and  their 
functions . 


The  cars  are  operated  throughout  the  mining  fields  of  the  United  States  and  are 
headquartered  as  follows  (see  fig.  1);  Car  1,  Reno,  Nev.;  Car  2,  Raton,  N.  M.;  Car  3, 
Pittsburgh,  Pa.;  Car  4,  Terre  Haute,  Ind.;  Car  5,  Pineville,  Ky.;  Car  6,  Pittsburg,  Kans.; 
Car  7,  Huntington,  W.  Va.;  Car  8,  Duluth,  Minn.;  Car  9,  Butte,  Mont.;  Car  10,  Des  Moines, 
Iowa;  Car  11,  Anchorage,  Alaska. 


Service  at  Mine  Disasters 


One  of  the  most  important  purposes  of  the  U.  S.  Bureau  of  Mines  safety  cars  is  to 
render  service  at  mine  fires  and  explosions  where  human  life  is  endangered.  State  mine 
inspectors  and  other  interested  persons  are  supplied  with  itineraries  of  the  car  operating 
in  their  districts  from  time  to  time,  so  that  they  may  know  at  all  times  where  the  car  can 
be  found  in  case  of  emergency.  When  these  disasters  occur  the  car  may  be  reached  direct  or 
through  its  field  headquarters,  and  upon  receiving  word  of  a  mine  disaster,  or  request  for 
assistance,  it  immediately  proceeds  to  the  scene  of  trouble.  Frequently  a  special  locomotive 
is  supplied  by  the  railroads  and  in  many  instances  the  movement  of  the  car  is  given  the  right 
of  way  over  all  other  railway  traffic.  Upon  reaching  the  destination,  the  facilities  and 
personnel  of  the  car  are  immediately  available  for  rescue  and  recovery  operations. 

Following  most  mine  disasters  a  thorough  investigation  is  made  by  engineers  of  the 
Bureau  of  Mines,  and  a  confidential  report  is  submitted  to  the  operator.  The  information 
gained  in  this  manner  from  a  large  number  of  mine  fires  and  explosions,  together  with  the 
knowledge  gained  from  the  experimental  work  carried  on  at  the  Experimental  mine  of  the  bureau 
at  Bruceton,  Pa.,  serves  as  a  basis  upon  which  the  bureau  is  able  to  recommend  preventive 
measures  whereby  similar  occurrences  may  be  averted.  The  bureau  car  is  often  used  as  head¬ 
quarters  for  the  investigating  engineer  when  such  an  examination  is  being  made. 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper  provided  the  following  footnote  acknowledgment  is  used: 
"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6435." 

2  Supervising  engineer,  safety  division,  U.  S.  Bureau  of  Mines. 

3  Senior  foreman  miner,  U.  S.  Bureau  of  Mines. 
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Safety  Inspections 


The  Bureau  of  Mines  safety  car  is  at  times  used  as  a  headquarters  for  bureau 
engineers  when  making  safety  investigations  at  mines.  At  the  request  of  an  operating 
company,  or  at  least  with  its  consent,  bureau  engineers  make  complete  accident-prevention 
studies  at  mines,  after  which  a  report,  also  confidential,  is  submitted  to  the  operator 
through  the  Director  of  the  Bureau  of  Mines.  In  this  report,  explosion  hazards  and  other 
dangers  to  life  and  property  are  pointed  out,  with  recommendations  as  to  how  these  hazards 
may  be  minimized.  It  is  largely  through  studies  of  this  kind  that  the  bureau  is  able  to  keep 
in  touch  with  the  progress  that  is  being  made  in  the  mineral  industries  in  accident-preven¬ 
tion  work,  and  the  confidential  reports  made  to  the  operators  are  used  to  disseminate  the 
information  which  is  assembled  by  the  bureau's  laboratory  and  field  work. 

First-Aid  and  Mine-Rescue  Training 


Fir.'^t-aid  and  mine-rescue  training  has  been  one  of  the  main  safety  activities  of 
the  personnel  of  the  Bureau  of  Mines  ever  since  its  inception.  Until  the  past  four  or  five 
years  it  was  the  practice  to  train  selected  groups  of  miners  in  first-aid  so  that  they  could 
render  temporary  relief  and  safely  transport  injured  workers.  In  recent  years,  first-aid 
training  has  been  gaining  more  and  more  recognition  as  being  good  accident-prevention  train¬ 
ing,  hence,  instead  of  training  selected  groups  of  men  at  an  operation,  the  present-day 
practice  includes  the  training  of  all  or  practically  all  persons  at  an  operation. 


To  fulfill  the  current  demand  for  first-aid  training  would  be  an  impossibility  if 
the  old  system  of  training  only  by  bureau  representatives  were  followed.  During  the  past 
three  years  a  cooperative  plan  has  become  popular,  making  it  possible  to  fulfill  in  large 
part  requests  for  training,  and  at  the  same  time  to  train  a  much  larger  number  of  men  each 
year.  This  cooperative  plan,  as  it  is  commonly  known,  may  be  described  as  follows;  A  number 
of  selected  men  from  a  mine  or  from  several  mines  of  a  district  are  brought  together  in  a 
class  and  given  an  intensive  course  of  first-aid  training  by  a  bureau  instructor,  with  the 
idea  that  from  among  this  group  of  men  those  most  adaptable  will  be  selected  to  act  as  first- 
aid  instructors.  Considerable  time  and  effort  is  expended  in  developing  a  number  of  in¬ 
structors  in  this  group.  After  this  training  has  been  completed  the  men  organize  classes  in 
first-aid  among  the  workers  of  their  respective  organizations  and  train  them  under  the  super¬ 
vision  of  the  Bureau  of  Mines  representative.  The  classes  are  limited  in  size  and  generally 
are  so  arranged  that  each  session  of  each  class  may  be  visited  by  the  bureau  instructor.  The 
plan  not  only  permits  a  much  larger  group  of  men  to  be  trained  at  any  individual  mine  or 
plant,  but  leaves  a  number  of  qualified  instructors  who  are  capable  of  maintaining  the  work 
after  the  car  or  bureau  representative  has  left  the  district.  The  bureau  cars  are  utilized 
to  advantage  for  this  type  of  work. 

Many  State-owned  and  privately  owned  mine-rescue  stations  are  maintained  throughout 
the  United  States.  The  personnel  of  the  bureau  safety  car  is  often  called  upon  to  train  the 
members  of  crews  attached  to  these  stations.  In  many  instances,  in  which  mines  or  plants  are 
not  equipped  with  oxygen  breathing  apparatus,  progressive  far-seeing  managers  desire  to  have 
men  trained  in  the  use  of  such  apparatus  for  availability  in  case  of  emergency  such  as  fire 
or  explosion;  the  equipment  on  the  car  is  available  for  this  purpose  and  this  phase  of 
activity  includes  not  only  the  large  mines  or  plants  but  also  the  small  mine  or  plant  in  the 
isolated  localities.  Mine-rescue  training  throughout  the  country  has  been  fostered  chiefly 
through  the  activities  of  the  bureau's  cars  during  the  past  20  years  and  has  now  developed 
to  such  an  extent  that  enough  trained  men  are  available  in  almost  any  mining  region  to  take 
care  of  mining  catastrophes  which  may  occur  in  that  region. 
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Figure  2.-  View  of  all-steel  mine  rescue  car 
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The  Bureau  of  Mines  has  recently  developed  and  put  into  the  field  a  new  course, 
known  as  "the  advanced  mine-rescue  and  recovery  operations  course,  which  was  especially  de¬ 
signed  for  mine  officials  and  those  who  have  had  actual  experience  at  mine  fires  and  explo¬ 
sions.  This  course  takes  up  in  detail  the  use  of  protective  and  detective  devices,  methods 
of  analyzing  mine  gases,  and  the  technique  of  rescue  and  recovery  operations  following  mine 
fires  and  explosions.  The  use  of  the  bureau's  cars  aids  much  in  the  giving  of  this  course. 

In  addition  to  the  foregoing  outline  of  work,  the  car  personnel  is  often  called 
upon  to  assist  at  local  plant  safety  meetings,  first-aid  contests,  and  exhibits  at  State  and 
industrial  fairs;  in  fact,  there  are  now  fairs  or  other  gatherings  which  annually  use  the 
^ireau  of  Mines  cars  as  an  important  part  of  the  exhibit, 
bn'-  b;id 

-iJaev.ariJ  Personnel  and  Equipment 

The  staff  of  the  U.  S.  Bureau  of  Mines  safety  cars  and  stations  is  composed  of 
Cfi'Tefniiy/Sel.reiCtj^  mejiiw’ho  have  had  considerable  mining  experience  or  appropriate  technical 
training;  new  employees  are  usually  given  a  course  of  training  at  the  Pittsburgh  Experiment 
Station  of  the  bureau  and  at  the  Experimental  Mine  at  Bruceton,  Pa.,  so  that  they  are 
thoroughly  familiar  with  the  .special  features  of  the  bureau's  safety  work  and  policies. 

Car "Engineer 


Mostfidf  the  cBiureaa  jof  ;Mines(''safety^acars^4iave>  a  qUal-ified  mining  engineer  in  charge 
of  the  car;  his  duties  are  to  supervise  the  work  of  the  car  personnel,  to  make  safety  inves- 
tfigationsiahd  repo rd®  ofi  raining  cs^serations,'^  cto  nial^e  ^ safest er  ^ves^t^i-ga-tions  and  reports,  to 
assist  with  local  safety  activities  where  the  car  happens  to  be  stationed;  and  he  assists  at 
mine  disasters  and  in  many  instances  is  called  upon  to  take  charge  of  the  rescue  and  recovery 
operations  following  mine  disasters.  The  car  engineer  is  ever  on  the  alert  for  developments 
concerning  the  safety  or  health  of  those  employed  in  the  mineral  industries  and  is  expec^yS^ 
to  transmit  this  information  in  the  form  of  confidential  reports  to  the  Bureau  of  Mines  at 
Pittsburgh  and  Washington.  In  many  cases  the  information  is  given  to  the  public  in  mimeo¬ 
graphed  or  printed  form. 


Foreman  Miner 

The  foreman  miner  is  responsible  for  the  upkeep  of  the  mechanical  and  special 
equipment  on  the  car  and  in  the  absence  of  the  engineer  he  has  full  charge  of  the  car  and 
personnel.  It  is  his  duty  to  see  that  adequate  materials  and  supplies  are  on  hand  at  all 
times  and  he  has  supervision  over  the  clerical  work  in  connection  with  the  operation  of  the 
car.  He  instructs  classes  in  the  use  of  self-contained  oxygen  breathing  apparatus,  in  ad¬ 
vanced  mine-rescue  and  recovery  operations,  and  in  first-aid.  He  is  also  called  upon  to 
assist  at  mine  fires  and  explosions  and  in  some  cases  makes  mine  or  other  examinations  and 
reports. 


First-Aid  Miner 


The  first-aid  miner  conducts  and  supervises  classes  in  first-aid  training  and 
assists  the  foreman  miner  with  his  duties  whenever  possible. 

Steward  -  Chef 

Each  car  carries  a  steward-chef  whose  duty  is  to  keep  the  car  in  a  clean  and  sani¬ 
tary  condition  at  all  times,  make  up  the  berths,  wash  windows,  and  prepare  and  serve  all 
meals  for  the  car  staff. 
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Equipment 

Complete  mine-rescue  and  training  equipment  is  carried  on  each  car.  The  minimum 
amount  of  this  special  equipment  includes  12  sets  of  self-contained  oxygen  breathing 
apparatus  of  a  permissible  type;  electrically  driven  oxygen  pump  for  charging  apparatus;  a 
number  of  cylinders  of  oxygen;  6  sets  of  all-service  gas  masks  with  an  adequate  supply  of 
spare  canisters;  2  oxygen  inhalers  to  be  used  in  connection  with  artificial  respiration; 
2  army  stretchers;  4  canaries  and  2  -carbon-monoxide  detectors;!  Orsat  apparatus  for  the 
analysis  of  mine  atmosphere;  1  volumeter  for  the  quick  determination  of  combustible  material 
in  mixtures  of  mine  dust;  6  permissible  flame  safety  lamps;  12  permissible  electric  cap 
lamps;  1  life-line;  1  pyrotannic-acid  carbon-monoxide  indicator  for  the  determination  of 
small  percentages  of  carbon  monoxide  in  blood  and  air;  1  geophone;  1  sling  psychrometer ; 
1  anemometer;  and  many  other  special  devices.  The  car  is  also  equipped  with  necessary  house¬ 
hold  fixtures  such  as  chairs,  tables,  linens,  dishes,  tableware,  cooking  utensils  and 
cutlery,  and  at  time  of  disaster  eating  accommodations  frequently  are  provided  for  20  or  more 
persons  at  every  meal. 


Construction  of  Car  ' 

Formerly  all  safety  cars  of  the  U.  S.  Bureau  of  Mines  were  constructed  of  wood,  but 
these  old  wooden  cars  have  gradually  been  replaced  by  modern  all-steel  cars.  At  present  all 
cars  in  the  service  are  of  steel  construction,  except  the  one  operating  in  Alaska. 

Car  No.  6  is  the  newest  car  in  the  service  of  the  Bureau  of  Mines.  This  car  was 
completed  and  put  into  service  about  September  15,  1929.  It  was  built  by  the  St.  Louis  Car 
Co.  in  its  shops  at  St.  Louis,  Mo.  In  the  design  and  construction  of  this  car  are  embodied 
many  of  the  latest  features  of  safe  and  effioient  railroad  car  construction.  Figure  3  is  a 
plan  of  the  car.  - 

The  car  frame  is  constructed  of  heavy  steel  designed  to  meet  the  requirements  of 
the  Post  Office  Department  for  resistance  to  collision  or  overturning.  The  frame  is  prac¬ 
tically  proof  against  telescoping,  as  it  consists  of  heavy  steel  castings  and  rolled  steel 
shapes  and  plates.  The  Commonwealth  cast-steel  body  bolsters  and  platforms  which  are  used 
in  connection  with  Commonwealth  cast-steel  ends  for  the  body  are  the  latest  development  of 
safety  car  building.  The  vestibule-end  framing  is  of  rolled  steel  structural  forms  and 
plates.  The  cast-steel  platforms  and  bolsters  are  connected  by  deep  fish-belly  center  sills 
and  rolled  "Z"  and  angle  side  sills.  Vestibule  end  posts  are  set  in  pockets  in  the  platform 
casting  and  are  braced  at  the  top  by  structural  channels  extending  to  the  cast-steel  end  and 
to  the  side  plate.  This  careful  construction  would  make  it  necessary  to  destroy  the  vesti¬ 
bule  frame  before  material  damage  could  be  done  to  the  body  end  casting. 

The  sides  are  framed  with  "Z"  and  angle  side  sills,  "Z"  top  plates,  and  structural 
channel  side  posts.  The  side  sheeting  is  made  up  of  copper-bearing  steel  as  a  preventive 
against  corrosion.  Posts  and  windows  are  placed  to  suit  the  various  compartments  of  the  car, 
which  in  turn  are  arranged  to  give  a  number  of  wide  piers.  These,  in  conjunction  with  the 
numerous  cross  partitions,  make  the  car  so  strong  that  there  is  little  possibility  of  damage 
to  its  contents  except  in  the  heaviest  of  collisions. 

The  regular  car  equipment  includes  a  miner  5Px  draft  gear,  miner  class  B-10  fric¬ 
tion  buffers,  Westinghouse  air  brakes,  Pullman  pressure  water  system,  Westinghouse  automatic 
gas  electric  lighting,  electric  refrigerator,  air  compressor,  and  a  dual  hot-water  heating 
system. 
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The  interior  of  the  car  is  painted  in  light,  pleasing  shades.  The  furniture  is  of 
mahogany.  The  interior  is  divided  into  compartments  that  experience  has  shown  to  be  best 
suited  to  the  needs  of  the  service,  as  follows: 

Demonstration  Room 

The  demonstration  room  is  equipped  with  metal  tables,  lockers,  drawers,  and  cabi¬ 
nets  to  contain  the  apparatus  used  in  demonstrating  and  instructing  mine-rescue  crews  in  the 
work  carried  on  by  the  bureau.  Complete  equipment  used  by  the  staff  in  its  mine-rescue  work 
is  carried  in  this  part  of  the  car  at  all  times  when  it  is  not  in  actual  use.  In  one  corner 
of  the  demonstration  room  is  a  book-case  which  contains  a  complete  set  of  bound  volumes  of 
publications  of  the  U.  S.  Bureau  of  Mines.  This  library  is  invaluable  to  the  car  personnel 
for  reference  purposes.  The  demonstration  room  is  also  used  as  a  workshop  for  the  care  and 
maintenance  of  the  special  equipment.  The  100  cubic  foot  capacity  oxygen  shipping  cylinders 
are  kept  in  this  room  and  in  front  of  these  cylinders,  is  the  oxygen  pump  which  is  used  to 
charge  the  oxygen  breathing  apparatus  cylinders  from  the  large  cylinder. 

Sleeping  Quarters 

The  sleeping  quarters  for  the  staff  adjoin  the  demonstration  room.  It  is  a  double 
section,  containing  two  lower  and  two  upper  berths.  This  section  is  arranged  so  that  it  can 
be  used  as  a  private  conference  room  or  lounge. 

Office  Compartment 

The  office  compartment  is  located  between  the  sleeping  and  dining  compartments. 
It  is  equipped  with  an  executive  desk,  a  secretary's  desk  containing  typewriter,  bookcases, 
wardrobe,  and  a  sofa  couch  which  can  be  made  into  an  upper  and  lower  berth.  A  corridor  is 
placed  at  one  side  of  office  so  that  the  staff  will  not  be  disturbed  by  those  passing  from 
one  end  of  the  car  to  the  other.  On  the  dining  room  side  of  the  office  is  the  staff  toilet, 
with  an  entrance  from  both  the  office  and  the  corridor.  The  toilet  room  is  equipped  with  a 
lavatory,  small  tub  and  shower  bath,  and  flush  hopper. 

The  dining  room  is  entered  from  the  corridor  at  the  side  of  the  office.  It  con¬ 
tains  an  extension  table,  chairs,  folding  table,  china  closet,  bookcase,  and  a  sofa  couch 
which  can  be  made  into  an  upper  and  lower  berth. 

The  porter-chef's  room  is  located  between  the  dining  room  and  the  kitchen.  This 
compartment  is  equipped  with  a  sofa  couch,  an  upper  berth,  shower  bath,  lavatory,  hopper, 
and  wardrobe. 

The  kitchen  is  completely  equipped  for  long  runs  and  long  lay-overs  at  mining 
plants.  It  contains  a  range,  extra  capacity  coal  bin,  overhead  water  tanks,  sink,  dry  food 
and  vegetable  lockers,  work  table,  dish  racks, lockers,  and  ventilating  fans.  The  electric 
refrigerator  is  in  the  vestibule  next  to  the  kitchen. 

The  electrical  system  is  so  arranged  that  the  car  can  be  operated  independent  of 
any  outside  source  of  electricity;  however,  it  is  equipped  with  a  transformer  and  suitable 
switching  arrangements  which  make  it  possible  to  use  110  or  220  volt  alternating  current 
when  available,  making  it  unnecessary  to  operate  the  car  power  plant  at  such  times.  Special 
connectors  with  cable  and  plugs  are  provided  for  plugging  in  on  local  sources  of  supply  when 
a  car  is  in  yards  or  at  mine  heads  for  extended  stops. 

The  features  outlined  enable  the  car  and  crew  to  make  long  runs  and  stay  at  mining 
plants  for  long  periods  without  undue  fatigue  or  danger  to  health.  The  cars  have  traveled 
as  much  as  42,000  miles  in  a  year,  individual  cars  ranging  from  1,500  to  8,000  miles. 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


SOME  RUNAWAY  CAR  TRIPS  ON  INCLINES  AT  COAL  MINES’ 

By  J.  J.  Forbes^  and  M.  W.  von  Bernewitz^ 

PURPOSE  OF  REPORT 

In  the  United  States  there  are  hundreds  of  underground  and  surface  (inside  and 
outside)  inclines  at  coal  mines  on  which  trips  of  cars  are  continually  being  run  with  coal, 
rock,  supplies,  and  men.  The  safety  of  the  men  and  prevention  of  damage  to  the  slopes  de¬ 
pend,  excluding  the  personal  element  of  the  hoist-man,  on  the  strength  and  condition  of  the 
wire  cable,  draw  bars,  and  the  couplings,  and  on  the  links  of  chains  and  pins  as  well. 
Within  a  recent  period  of  four  weeks  there  have  been  two  runaway  trips,  one  on  the  surface 
and  one  underground;  it  seems  desirable  to  call  attention  of  mechanical  engineers  and  others 
at  coal  mines  to  the  need  for  closer  and  more  frequent  inspection  of  the  cable,  draw  bars, 
coupling  links  and  pins,  derailing  devices,  wheels,  brakes,  and  other  parts  of  cars  or  trips 
on  which  men  are  hauled  on  inclines.  This  bureau  has  never  published  anything  on  this  class 
of  accident  heretofore. 

How  frequently  runaway  trips  occur  is  not  known.  If  no  serious  injury  or  fatalit 
has  to  be  reported  to  the  State  authorities,  a  number  of  such  happenings  may  occur  and  not 
be  mentioned  outside  of  the  immediate  vicinity  of  the  mine. 

Runaway  trips  can  and  do  result  in  considerable  loss  of  life,  in  injuries,  and 
damage,  either  at  or  near  the  place  of  the  break,  or  throughout  a  mine  by  causing  an  explo¬ 
sion  of  gas  or  coal-dust  or  both.  This  report  is  restricted  to  a  study  of  the  mechanical 
and  physical  phases  of  car  trip  construction  and  of  the  metal  of  couplings  and  ropes;  de¬ 
railed  trips  are  not  included  and  may  be  the  subject  of  another  paper.  There  is  no  need  to 
mention  gas  accumulations,  coal-dust  and  rock-dusting,  open  lights,  protected  power  lines, 
and  permissible  equipment,  because  these  have  all  been  well  covered  in  Bureau  of  Mines  pub¬ 
lications  which  have  been  widely  distributed  and  partly  or  wholly  reprinted  by  others. 
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2  Supervising  engineer,  U.  S.  Bureau  of  Mines,  Safety  Division,  Pittsburgh  Experiment  Station,  Pittsburgh,  Pa. 

3  Mining  and  metallurgical  engineer,  U.  S.  Bureau  of  Mines,  Pittsburgh  Experiment  Station,  Pittsburgh,  Pa. 
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and  S.  P.  Howell  of  the  safety  division,  and  J.  F.  Lessig,  mechanical  engineer,  and  G.  St. 
J.  Perrott,  superintendent,  Pittsburgh  Experiment  Station,  read  the  text  and  offered  sugges¬ 
tions.  W.  J.  McGregor,  coroner  for  Allegheny  County,  and  P.  F.  Nairn,  State  Mine  Inspector 
of  Pennsylvania,  contributed  valuable  information. 


DESCRIPTION  OF  SOME  RUNAWAY  TRIPS 


Following  is  a  chronological  list  of  a  few  outstanding  occurrences  of  runaway  trips 
in  various  fields  of  the  United  States. 


Typical  runaway  trips  at  coal  mines 


Fatalities 

Year  Mine  State  and 

in.1  uries 


Occurrence 


1907 


1922 


1927 


1927 


1929 


1930 


Underground  runaways 


A  West  Virginia  361  killed 

(all  in  mine) 


B  Alabama  90  killed 

(70  injured) 


C  Pennsylvania  4  killed 


D  Colorado  7  killed 


E  Pennsylvania  46  killed 

(4  injured) 


F  Pennsylvania  3  killed 

(47  injured) 


Coincident  blow-out  shot  with  wreck 
of  15  loaded  runaway  cars  at  foot 
of  slope  and  consequent  dust  cloud 
which  was  ignited  by  open  lights 
and  caused  an  explosion. 

Runaway  trip  of  three  empty  cars  in 
rock  slope  produced  a  dust  cloud 
which  was  ignited  by  an  electric  arc 
when  the  wreckage  struck  a  power 
cable  and  caused  an  explosion. 

Runaway  trip  of  36  loaded  cars  on 

semi-gravity  plane  raised  a  dust  cloud 
v/hich  was  ignited  when  wrecked  car 
wheels  came  in  contact  with  a  power 
cable  and  caused  an  explosion. 

Runaway  trip  of  16  loaded  cars  was  de¬ 
railed  by  a  drag:  power  cables  and 
lighting  wires  were  torn  down,  and 
the  probable  arcing  (or  possibly  a 
carbide  light)  ignited  the  coal-dust 
cloud  and  started  an  explosion. 

Runaway  inclined  aprcn-conveyor  loaded 
with  60  tons  of  coal  raised  a  dust 
cloud  at  bottom  of  slope  and  was 
probably  ignited  by  electric  arc, 
causing  an  explosion. 

Runaway  trip  of  13  empty  cars  with  men 
aboard  ran  1,200  feet  down  a  slope 
until  wrecked. 
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Typical  runaway  trips  at  coal  mines  -  Continued 


Fatalities 

Year  Mine  State  and  Occurrence 

in.i  uries 


1915 


1930 


Surface  runaways 

G  Pennsylvania  9  killed 

(17  injured) 


H  Pennsylvania  1  killed 

(1  injured) 


Runaway  trip  of  18  loaded  cars  ran 
down  1,000-foot  incline,  left  the 
tipple,  and  plunged  into  a  group  of 
27  railway  laborers. 

Runaway  trip  of  15  loaded  cars  ran 
down  a  40°  incline,  jumped  the  bin, 
and  landed  on  loading  space  near 
main  highway. 


Details  of  Runaway  Trips  Listed 

The  following  details  may  be  added  regarding  the  disasters  listed: 

Mine  A.  -  At  Mine  A  the  trip  had  been  hauled  up  the  slope  about  500  feet  in  length 
to  a  tipple  at  the  opposite  side  of  a  river.  The  trip  was  partly  over  the  knuckle  of  the 
tipple,  and  presumably,  when  the  remainder  of  the  cars  was  being  pulled  up,  a  coupling  pin 
gave  way.  The  free  cars  ran  down  the  slope  to  the  bottom  and  stirred  up  the  dust.  There 
was  a  derail  outside  of  the  slope,  but  an  attendant  did  not  act  in  time  to  prevent  the  cars 
from  going  into  the  mine.  It  was  reported  that  there  had  been  other  runaways  on  this  slope, 
but  without  injury  to  miners. 

Mine  B.  -  The  haulage  system  in  Mine  B  was  as  follows:  Coal  was  transported  in 
tight-gate  wooden  cars  by  electric  locomotives  to  the  "yard"  or  parting,  which  was  in  line 
with  the  slope  and  had  scales,  weigh-house,  and  two  empty  and  two  loaded  tracks  500  feet 
long.  The  slope,  about  6  feet  high  and  20  feet  wide,  had  a  pitch  of  30°  through  rock,  and 
intersected  the  coal  bed  at  850  feet.  From  the  "yard"  the  coal  was  hauled  in  5-car  trips  up 
the  slope  to  the  tipple  and  there  emptied  in  a  double  5-car  rotary  dump.  Cars  held  3,600 
pounds  of  coal  and  weighed  2,200  pounds.  Prior  to  the  explosion,  one  of  the  cars  of  a  3-car 
trip  became  jammed  in  the  guide  rails  of  the  rotary  dump  on  the  tipple.  A  chain  block  was 
unsuccessful  in  pulling  back  the  trip.  Then  the  two  front  cars  were  disconnected  and  pulled 
forward  for  a  short  distance  with  the  hoisting  rope  disconnected;  but  in  doing  this,  these 
two  cars  ran  forward  with  considerable  momentum,  dislodged  the  jammed  car,  and  broke  a  60- 
pound  rail  which  had  been  placed  across  the  riding  ring  of  the  dump  to  prevent  a  possible 
runaway.  Then  the  three  cars  started  back  into  the  slope  (a  main  intake  air  course)  and  were 
wrecked  near  the  foot  after  a  run  of  more  than  850  feet.  The  wreck  caused  the  rupture  of  an 
electric  power  cable,  the  arcing  of  which  ignited  the  coal-dust  stirred  up  by  the  runaway 
trip;  the  resultant  coal-dust  explosion  killed  90  and  injured  70  others. 
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Figure  I.-  Broken  coupling  link  that  caused  the  runaway  in  Mine  C 


Figure  2.-  Broken  conveyor  links  from  Mine  E 
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Mine  C.  -  The  explosion  in  Mine  C  originated  at  the  foot  of  a  semigravity  plane  just 
off  the  main  haulage-road  about  6,000  feet  from  the  mine  mouth.  At  the  time,  a  trip  of  40 
loaded  cars  was  on  its  way  down  the  north  side  of  the  plane;  and  a  trip  of  40  empty  cars  was 
going  up  the  south  side.  This  plane  was  doubled-tracked  except  for  a  distance  of  350  feet 
at  the  lower  end.  When  the  loaded  cars  were  at  a  point  1,200  to  1,500  feet  from  the  starting 
place,  the  coupling  link  between  the  thirty-sixth  and  thirty-seventh  cars  parted  and  allowed 
36  cars  to  run  uncontrolled  down  the  plane.  Some  of  the  cars  were  derailed  at  the  end  of  the 
double  track  mentioned,  and  after  traveling  about  125  feet  off  the  track  they  knocked  out 
timbers,  which  started  a  fall  of  roof  on  the  cars.  The  first  16  cars  continued  down  the 
plane  to  the  bottom;  the  other  20  cars  were  jammed  in  an  entry  above  the  fall  and  completely 
blocked  it. 

Figure  1  shows  the  broken  link  from  Mine  C,  reported  on  by  the  metallurgical  section 
of  the  Bureau  of  Mines.  The  link  was  of  wrought  iron  and  broke  at  the  welded  section;  the 
angle  of  fracture  was  similar  to  that  of  the  angle  of  weld.  Microexamination  (30  and  100 
magnifications)  revealed  that  the  material  of  this  link  was  extremely  dirty  even  for  wrought 
iron,  which  contained  much  slag.  Chemical  analysis  gave  0.091  per  cent  phosphorus,  0.04  per 
cent  manganese,  0.021  per  cent  sulphur,  and  0.11  per  cent  silicon.  The  last  three  constitu¬ 
ents  were  somewhat  lower  than  in  ordinary  wrought  iron,  but  the  phosphorus  content  was  nearly 
double  that  considered  good;  most  of  it  was  in  the  slag  because  the  iron  was  highly  oxidized. 
Unoxidized  phosphorus  is  considered  to  be  undesirable  to  have  in  any  iron  because  it  renders 
the  iron  brittle  at  normal  temperatures.  It  may  be  concluded  that  this  sample  contained  a 
great  deal  more  highly  oxidized  slag  than  a  good  wrought  iron;  so  much  slag  was  present  that 
failure  occurred. 

Mine  D.  -  Mine  D  was  opened  by  slopes  from  which  entries  were  turned  at  1,000- foot 
intervals  on  the  strike  of  the  coal  bed.  Immediately  before  the  explosion,  a  broken  hitching 
on  the  fourth  car  of  a  20-car  trip  on  the  main  slope  allowed  16  cars  to  run  back  down  the 
slope,  a  distance  of  about  125  feet.  The  trip  had  an  iron  drag  on  it,  2  by  2  inches  by  4 
feet  in  size.  This  lifted  the  first  car  from  the  track  and  threw  it  into  a  timber  on  the 
left  side  of  the  slope,  after  which  the  runaway  cars  stopped  against  the  coal  rib  of  a  man¬ 
hole.  Power  and  lighting  wires  were  torn  down,  and  during  the  clean-up  of  the  slope  there 
was  found  evidence  of  arcing  on  the  metal  body  of  one  car  and  on  car  irons  of  two  cars  with 
wooden  bodies;  one  car  hitching  was  almost  burned  through.  This  runaway  produced  a  dust 
cloud  which  was  ignited  either  by  the  arcing  or,  less  probably,  by  an  open  carbide  lamp  worn 
by  the  trip  rider.  Seven  persons  were  killed,  and  it  is  prcbable  that  had  it  not  been  for 
some  rock-dusting  done  on  the  slope,  the  death  list  would  have  been  greater. 

Mine  E.  -  Although  the  occurrence  at  Mine  E  is  not  strictly  a  case  of  runaway  cars, 
it  is  one  of  a  runaway  conveyor  carrying  coal  up  a  30°  incline  430  feet  in  length.  This 
conveyor  is  of  the  apron  type,  is  5  feet  wide,  and  when  fully  loaded  holds  about  60  tons  of 
coal.  It  picks  up  coal  from  an  R-ton  bin  under  the  dump  at  the  foot  of  the  slope.  At  the 
time  of  the  disaster  the  conveyor  was  full  and  broke  near  the  head  sprocket,  rapidly  running 
back  the  incline  to  the  bottom  of  the  slope. 

Figure  2  shows  two  of  the  broken  links  from  the  apron  conveyor  at  Mine  E.  These 
links  were  examined  by  the  metallurgical  section  of  the  Bureau  of  Mines,  but  it  is  not 
definitely  known  that  the  initial  fracture  occurred  in  either  of  these  two  links.  The 
coroner's  inquest  revealed  that  a  few  days  before  the  disaster,  the  company's  blacksmith  re¬ 
paired  the  conveyor  by  welding  two  links  together  to  make  an  oversize  link.  In  discussion 
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Figure  3.-  Plan  and  elevation  of  drag  car  used  at  Mine  F  at  time  of  runaway  trip 
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Figure  4.-  Part  of  coupling  link  that  broke  in 
Mine  F.  The  slag  streaks  and  high-carbon 
iron  are  clearly  shown  In  weld  and  shank 


Figure  5.-  A  safe  coupling  with  split  pin  in  clevis  bolt 
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of  this  it  may  be  said  that  although  a  weld  may  be  strong  in  itself,  the  metal  on  either  side 
of  a  weld  may  be  materially  weakened  by  the  high  temperature  employed;  hence,  this  repaired 
link  might  have  been  the  initial  cause  of  the  runaway  conveyor,  some  of  whose  links  had 
been  in  service  12  years. 

With  regard  to  the  links  examined,  appreciable  amounts  of  impurities  were  found  in 
the  metal  (for  a  steel  containing  0.47  per  cent  carbon);  these  appear  much  like  certain 
silicates  resulting  from  deoxidation  of  steel  with  silicon. 

Recrystallization  had  taken  place  in  these  chain  links,  as  proved  by  photomicro¬ 
graphs  (500  magnifications)  of  them  and  of  a  link  that  had  never  been  used.  Whereas  the  new 
link  contained  no  extraordinarily  large  crystals  of  iron,  the  broken  links  showed  large 
crystals,  probably  due  to  strain  and  aging.  By  heating  links  to  1,600°  F.  for  30  miutes 
and  cooling  in  air,  a  treatment  known  as  normalizing,  a  small  crystal  and  more  uniform  metal, 
considerably  strengthened,  is  produced;  therefore,  all  links  or  chains  which  are  subject  to 
strain  should  be  periodically  normalized. 

Mine  F.  -  Fortunately,  in  this  runaway  there  was  not  any  explosion  or  fire,  but  3 
were  killed,  47  others  injured,  and  many  men  had  to  be  extricated  from  the  wrecked  trip. 
The  sequence  of  events  is  as  follows:  The  day  shift  was  going  underground.  The  man  trip  had 
been  placed  near  the  top  of  the  slope  underground  and  consisted  of  24  empty  cars  in  front  of 
which  was  a  "drag-car."  This  slope  was  about  9,000  feet  long  and  had  a  pitch  of  nearly  4°. 
The  190  miners  were  distributed  so  as  not  to  exceed  10  men  to  a  car,  and  a  few  were  in  the 
first  two  or  three  cars,  but  not  in  the  drag-car.  The  trip  had  started  down  a  short  distance 
when  the  center  link  of  a  3-link  coupling  between  the  thirteenth  and  fourteenth  cars  opened 
and  permitted  the  front  13  cars  and  the  drag-car  to  run  down  the  slope.  This  part  of  the 
trip  carried  95  men,  about  half  of  whom  jumped  out  of  the  cars  when  they  realized  what  was 
happening.  The  "drag-man"  was  in  the  second  car,  behind  the  drag-car,  holding  up  the  100- 
pound  drag  by  means  of  a  cable  and  rope  attached  thereto.  As  soon  as  he  noted  the  unusual 
acceleration  he  is  reported  to  have  released  the  rope  which  should  have  released  the  drag 
and  should  have  stopped  the  trip.  But  the  drag  did  not  function  in  spite  of  further  effort, 
and  he  jumped  off  the  trip  to  outrun  it.  Eventually,  after  the  trip  had  run  down  1,200  feet 
of  the  slope  the  drag  did  work,  tore  up  the  track,  and  piled  up  the  cars.  Figure  3  shows 
the  drag-car.  This  part  of  the  slope  had  a  pitch  of  nearly  5°. 

A  possible  explanation  of  the  failure  of  the  drag  to  fall  is  that  the  rope  which 
held  the  drag  was  not  free  or  was  fouled  in  some  manner;  also,  it  was  disclosed  that  it  had 
been  the  practice  to  hold  up  the  drag  with  a  fish-plate  or  other  suitable  piece  placed  over 
the  bumpers  when  the  car  was  moved  in  and  out  of  its  night  storage  place  near  the  top  of  the 
slope.  Although  the  evidence  was  to  the  effect  that  this  had  been  removed  on  the  morning  of 
the  disaster,  it  is  possible  that  it  had  been  overlooked. 

Figure  4  shows  part  of  the  faulty  link  which  was  etched  with  hot  hydrochloric  acid 
by  the  metallurgical  section  of  the  Bureau  of  Mines.  The  link  shows  little  evidence  of  wear; 
the  fracture  occurred  at  the  weld,  and  the  two  adjacent  sides  appeared  to  have  been  separated 
for  some  time.  An  analysis  revealed  that  the  metal  contained  2.34  per  cent  slag,  close  to 
the  2.5  per  cent  in  normal  wrought  iron,  and  this  slag  contained  exactly  10  per  cent  of 
silica  and  90  per  cent  ferrous  oxide,  the  correct  composition.  Figure  4  shows  several 
streaks  (white)  of  high-carbon  iron  (or  steel).  Microscopic  examination  revealed  that  this 
contained  0.20  per  cent  carbon,  which  is  higher  than  in  normal  wrought  iron.  As  wrought  iron 
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and  steel  do  not  weld  readily,  this  defect  may  have  caused  a  poor  weld.  However,  the  failure 
of  the  link  was  primarily  due  to  a  poor  welding  practice,  aided  by  nonhomogeneous  iron,  and 
possibly  by  inadequate  inspection. 

Mine  G.  -  At  Mine  G  there  was  a  new,  single-track  surface  incline  from  the  mine  to 
a  new  tipple  on  the  railroad,  a  distance  of  1,000  feet  with  an  average  grade  of  16  per  cent. 
The  tipple  was  at  an  angle  to  the  right  from  the  tipple  approach  or  trestle.  Not  far  above 
the  trestle,  the  incling  branched  to  form  one  track  for  loaded  cars  and  one  for  empties,  and 
just  below  this  branch  was  a  safety  sv/itch.  A  new  1^-inch  cable  attached  to  a  6-foot  drum 
driven  by  a  75-horsepower  motor  hauled  the  loaded  and  empty  cars.  On  the  afternoon  of  the 
accident,  a  trip  of  18  loaded  cars  had  just  started  down  the  incline,  when  the  attachment 
oroke  between  the  last  car  and  the  haulage  rope,  and  the  entire  trip  of  cars  ran  away  down 
the  incline  to  the  tipple.  The  safety  switch  near  the  tipple  approach  was  thrown  over  by  the 
switch-tender,  but  it  failed  to  derail  the  flying  trip  which  swept  the  full  length  of  the 
tipple  approach  and  then  plunged  off  the  tipple  just  beyond  the  point  of  curvature  in  the 
track. 


Four  men  were  working  on  the  tipple;  two  of  them  managed  to  escape  with  slight  in¬ 
juries,  but  the  other  two  were  caught  and  crushed  to  death  near  the  dump,  where  the  runaway 
trip  sideswiped  the  structural  steel  frame.  Forty  feet  below  the  tipple,  27  men  were 
ballasting  the  railroad  tracks  at  a  point  in  line  with  the  approaching  trip,  but  at  least  100 
feet  distant  horizontally  from  the  place  where  the  trip  leaped  from  the  tipple.  The  rushing 
trip  of  at  least  45  tons  leaped  this  entire  distance  and  caught  many  of  the  men  as  it  fell. 
Seven  were  killed. 

An  investigation  revealed  that  a  break  in  the  clevis  to  which  the  trip  was  coupled 
had  apparently  permitted  the  loaded  trip  to  get  away.  A  piece  about  4  inches  long  had  been 
broken  from  the  eye  of  the  clevis,  thus  allowing  the  coupling  to  slip- out  and  free  the  trip. 
The  clevis  was  made  from  1^-inch  iron  and  was  strongly  socketed  to  the  1^-inch  cable.  At  the 
point  where  the  fracture  occurred  there  was  an  inner  defect  in  the  welding;  the  outside  rim, 
however,  appeared  to  be  smooth  and  substantial,  so  that  it  would  have  been  difficult  to  de¬ 
tect  this  defect  by  visual  inspection. 

Mine  H.  -  The  situation  at  Mine  H  was  somewhat  similar  to  that  at  Mine  G,  in  that 
the  incline  slopes  toward  a  well-traveled  highway  instead  of  a  branch  railway.  The  evidence 
given  at  the  coroner's  inquest  and  investigation  by  the  State  mine  inspector  revealed  that 
late  in  the  afternoon  there  was  a  trip  made  up  of  one  car  of  slate  and  14  cars  of  coal  and 
rock.  The  cars  held  about  If  tons  each.  The  first  three  cars  were  on  the  outside  of  the 
pit  mouth,  the  first  one  being  about  60  feet  from  the  safety  blocks  of  the  incline  plane, 
which  had  a  40°  grade  and  was  double-tracked.  For  90  feet  between  the  pit  mouth  and  the 
safety  blocks  of  the  incline  and  for  another  210  feet  in  the  mine  there  was  a  down  grade  of 
2  per  cent.  The  cars  were  coupled  and  it  was  stated  that  the  first  seven  cars  had  the  brakes 
set  and  had  12  sprags  in  the  wheels.  The  slate  car  was  cut  off  and  dumped  on  the  slate  pile 
150  feet  distant,  but  as  this  car  was  being  returned,  the  mule-driver  noticed  the  trip  in 
motion,  sliding  along  toward  the  incline  plane.  He  spragged  some  of  the  cars  and  set  the 
brakes  on  about  four  of  the  rear  cars,  but  this  did  not  check  the  trip,  which  was  derailed 
at  the  safety  blocks.  The  14  cars  did  not  pile  up  at  that  point  because  of  the  dry  and  hard 
condition  of  the  ground,  and  continued  running  down  the  hill.  At  one  point  some  of  the  cars 
were  15  feet  from  the  tracks,  but  here  they  struck  a  bank  and  veered  back  onto  the  track  be 
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and  some  of  them  continued  to  the  tipple.  The  trip  broke  on  the  way  down  and  only  7  cars 
reached  the  tipple,  one  end  of  which  they  ripped  through;  they  demolished  the  weigh  office, 
which  was  60  feet  in  front  of  the  tipple.  The  shipping  clerk  was  in  the  weigh  office  at 
the  time  and  was  struck  by  flying  material  which  fractured  his  skull,  resulting  in  death  on 
the  following  day.  In  the  wreckage  the  mine  superintendent  found  eight  cars  with  brakes  set 
and  nine  cars  with  sprags  in;  the  other  cars  were  so  demolished  that  he  was  unable  to  deter¬ 
mine  whether  the  brakes  were  set  or  if  they  were  spragged. 

RUNAWAY  CARS  IN  ROOMS  AND  ENTRIES 

Many  rooms  in  mines  are  driven  to  the  rise  and  many  on  the  dip  of  the  coal.  In 
either  of  these  places,  single  cars  have  run  away  and  caused  injuries  to  men  any  where  along 
the  track  between  the  room-neck  and  the  face.  In  either  condition  a  large  block  should  be 
placed  under  the  wheels,  and  sprags  should  be  put  through  them.  For  a  steeper  pitch  a  metal 
clamp  should  be  attached  to  the  rail  to  prevent  the  block  from  slipping.  In  addition,  a  two¬ 
pronged  iron  drag  is  a  safeguard  for  cars  on  steep  grades.  Between  30  and  40  men  a  year  are 
killed  in  the  United  States  by  car  or  trip  runaways. 

RECOMMENDATIONS  AND  CONCLUSIONS 

Engineers  of  the  Bureau  of  Mines  who  investigated  these  and  other  accidents  made 
the  following  recommendations  as  far  as  haulage  was  concerned: 

1.  The  suggestion  was  made  for  Mine  A  that  derail  switches  should  remain  open  ex¬ 
cept  when  held  closed  by  an  attendant  during  the  passage  of  a  trip  of  cars  entering  a  mine. 

2.  Derail  devices  should  be  placed  on  the  approach  to  a  tipple  to  prevent,  as  far 
as  possible,  runaway  trips  from  rushing  down  a  slope.  This  device  could  be  operated  by  an 
attendant  employed  on  the  tipple.  Another  derail  device  should  be  placed  in  a  slope  approxi¬ 
mately  100  feet  from  the  point  where  it  intersects  a  yard  or  parting,  as  in  Mine  B. 

3.  To  prevent  such  a  recurrence  as  in  Mine  C,  suitable  provision  should  be  made 
for  keeping  trips  of  cars  under  control  at  all  times,  or  if  a  coupling  or  rope  breaks,  de¬ 
railment  of  cars  should  take  place  before  they  have  gained  much  speed.  It  was  suggested 
(a)  that  there  be  systematic  inspection  for  defective  couplings,  draw  bars,  and  ropes;  the 
two  former  may  be  examined  by  hammer  tapping;  (b)  in  addition  to  strong  couplings  and  pins, 
all  cars  run  on  inclines  should  have  strong  safety  chains,  kept  in  use  at  all  times, 
whether  on  an  inclined  or  level  road;  (o)  derail  devices  placed  at  or  near  the  top  and  at  or 
near  the  foot  of  a  plane,  and  controlled  from  the  head-house  by  the  plane-runner,  may  be  used 
to  derail  cars  in  emergency. 

4.  In  the  case  of  Mine  D  it  was  proved  that  a  trip  derailment  on  a  slope  of 
moderate  pitch  is  likely  to  raise  a  cloud  of  coal-dust,  dense  enough  to  be  ignited  by  an  arc 
and  cause  an  explosion.  The  ordinary  drag  may  not  derail  the  trip  until  it  has  gone  backward 
100  feet  or  more,  and  the  momentum  gained  in  such  distance  may  be  sufficient  to  cause  violent 
impact  and  produce  a  heavy  dust-cloud  where  the  cars  are  wrecked.  It  was  recommended  that 
car  couplings  receive  both  visual  and  mechanical  tests  at  least  at  3-month  intervals  to 
determine  freedom  from  defects.  The  couplings  should  be  at  least  the  same  diameter  as  the 
haulage  rope.  Safety  chains  should  be  attached  to  all  cars  and  the  chains  should  be  used  at 
all  times  on  both  loaded  and  empty  trips,  whether  on  a  slope  or  on  level  track. 
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5.  No  means  were  provided  at  Mine  E  to  prevent  the  conveyor  from  running  back  down 
the  incline  in  case  of  a  break,  but  there  should  be  some  device  or  devices  for  doing  this. 

6.  As  the  drag  was  unworkable  in  Mine  F  at  the  critical  moment,  a  change  in  the 
means  of  its  support  was  recommended  and  made.  This  improvement  takes  the  weight  off  the 
control  rope,  because  the  drag  is  now  supported  by  a  pin  and  lever  attached  to  and  easily 
operated  by  the  rope.  Other  recommendations  included  the  use  of  special  man-trip  cars  to 
reduce  the  hazard  of  runaways;  that  brakes  be  maintained  in  operating  condition  at  all 
times;  and  that  a  cable  through  and  attached  to  each  car  and  secured  to  the  haulage  rope 
well  above  the  socket  be  installed. 

7.  Frequently,  a  coroner's  jury  finds  a  verdict  of  accidental  death  if  men  have 
been  killed  and  the  cause  can  not  be  definitely  attributed  to  anything;  seldom  is  any  appar¬ 
ent  interest  taken  or  remarks  made  regarding  the  mechanical  features  of  a  runaway  trip. 
Broken  links  of  couplings  are  exhibited,  but  nothing  is  said  concerning  the  weld.  Derail 
switches  are  mentioned,  but  their  workability  is  lightly  considered.  Broken  wire  ropes  are 
the  prime  cause  of  some  runaways,  but  their  condition  is  hardly  questioned.  Of  course,  these 
features  of  a  runaway  are  really  for  action  by  the  State  mine  inspector,  yet  the  coroner's 
jury  should  be  alive  to  their  importance. 

8.  The  examination  of  the  chain  links  described  leads  to  these  conclusions: 
(a)  That  none  but  the  best  wrought  iron  or  steel  rod  or  rounds  should  be  purchased  and  made 
into  links;  (b)  that  the  welding  scarf  should  be  properly  shaped;  (c)  that  the  fire  should 
be  clean  and  a  proper  welding  temperature  reached;  (d)  that  if  coal  is  used  in  a  forge  it 
should  be  low  in  sulphur  to  prevent  red-shortness  in  the  iron;  and  (e)  that  a  good  flux  such 
as  borax  be  employed,  not  sand,  as  is  sometimes  used. 

9.  With  regard  to  links  for  conveyors,  none  but  the  best  steel  bar  should  be  used 
for  repairs  and  renewals.  Holes  for  the  pins  or  bearing  ends  should  preferably  be  drilled, 
not  punched. 


10.  Every  trip  hauled  up  a  slope  should  have  a  loose  drag  on  the  rear  car  to  pre¬ 
vent  its  running  back;  conversely,  every  man-trip  lowered  down  a  slope  should  have  a  con¬ 
trolled  drag  on  the  front  car. 

11.  All  concerned  in  a  haulage  system  should  be  sure  that  the  draw  bar,  rope, 
hitchings,  couplings,  pins,  safety  chains,  derail,  and  drag  are  in  place,  are  secure,  and  in 
good  physical  condition. 

12.  There  is  a  definite  need  for  a  reliable  automatic  derailing  device  wherever 
there  is  slope  haulage.  The  adoption  of  an  automatic  derailer  not  only  increases  the  safety 
of  employees,  but  it  also  increases  the  economic  operation  of  slope  haulage  by  decreasing 
property  damage-  A  derailing  switch  of  this  type,  electrically  operated,  has  been  installed 
on  the  slope  joining  the  mine  and  tipple  a  short  distance  above  the  tipple  landing  of  Roslyn 
No.  3  and  other  mines  of  the  Northwestern  Improvement  Co.,  Roslyn,  Wash.  Information 
Circular  6226  (January,  1930)  of  the  U.  S.  Bureau  of  Mines,  by  S.  H.  Ash  and  R.  H.  Kudlich, 
describes  this  reliable  derailer. 

13.  Hoistmen,  whether  at  steam  or  electric  hoists,  should  not  jerk  the  haulage  rope 
when  it  is  attached  to  a  trip.  Such  treatment  may  cause  the  breakage  of  the  rope,  and  also 
of  a  chain  or  pin  or  other  part  of  a  coupling  or  possibly  the  draw  bar. 
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14.  As  a  single-link  forged  coupling  is  as  safe  mechanically  as  any  car  hitching, 
its  use  is  recommended,  although  a  single  link  is  not  as  flexible  as  a  chain  for  going  around 
curves . 

15.  Chains  of  three  or  more  cast  alloy-steel  links  are  procurable  and  are  recom¬ 
mended. 

16.  It  is  suggested  that  as  rails  are  examined  by  X-rays,  the  links  of  coupling 
chains  could  also  be  examined  in  this  manner  by  makers  of  chains.  Defects  would  thus  be 
revealed. 


TREATMENT  AND  CARE  OF  CHAIN 

In  its  NATIONAL  METALS  HANDBOOK  for  1930,  the  American  Society  for  Steel  Treating 
gives  recommended  practice  for  the  heat  treatment  and  care  of  sling  and  crane  chain,  and  the 
following  items  are  abstracted  therefrom; 

1.  The  reliability  of  chain  depends  upon  the  quality  of  the 
welded  links  and  the  metal  from  which  they  are  made. 

2.  Wrought  iron  for  chain  usually  has  the  following  approxi¬ 
mate  chemical  composition:  carbon,  less  than  0.05  per  cent,  manganese, 
less  than  0.10  per  cent. 

3.  The  average  physical  properties  of  wrought  iron  for  chain 

are  as  follows:  Tensile  strength,  46,000  pounds/square  inch:  yield 

point,  23,000  pounds/square  inch;  elongation  in  8  inches,  26  per  cent; 
reduction  in  area,  40  per  cent. 

4.  To  judge  the  workmanship  of  a  welded  fagot,  a  cold  feath¬ 
ering  test  may  be  applied  by  flaring  the  end  of  the  bar  under  a  hammer. 

This  should  show  a  high  degree  of  ductility  and  a  fibrous,  silky  frac¬ 
ture  free  from  bright  spots. 

5.  Wrought  iron  and  mild  steel  should  not  be  mixed  or  welded 
together,  because  they  require  different  temperatures. 

• 

6.  If  a  weld  has  been  properly  done,  the  welded  portion  may 
not  need  a  normalizing  treatment  to  refine  the  structure,  but  with 
large  chain,  portions  of  the  link  adjacent  to  the  welds  have  been 
treated  to  or  near  the  welding  temperature,  and  if  not  hot-worked,  a 
weak,  coarse,  crystalline  structure  is  developed  that  requires  a  nor¬ 
malizing  treatment  for  refinement.  To  do  this,  the  chain  is  placed  in 
an  annealing  furnace  and  covered  with  a  sealed  sheet-iron  hood  to  pre¬ 
vent  scale  formation,  until  the  complete  charge  is  at  a  temperature  of 
1,200  to  1,400°  F.  ,  at  which  the  chain  is  kept  45  minutes.  The  time 
for  heating  is  about  three  hours.  The  chain  is  then  withdrawn  and 
allowed  to  cool  in  the  air. 
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7.  Overloading  is  probably  the  most  serious  service  abuse  to 
which  chain  is  subjected.  A  new  chain  may  be  impaired  by  overloading 
the  first  few  times  it  is  used.  If  a  chain  is  carefully  measured  at 
frequent  intervals,  any  elongation  that  is  not  the  result  of  wear  is 
sure  proof  of  overload. 

8.  Improper  application  of  a  chain  such  as  a  sudden  load,  or 
jolt,  twisting,  kinks,  and  bending,  sets  up  stresses  that  are  far  in 
excess  of  those  caused  by  the  weight  of  the  load  lifted. 

9.  A  safe  load  for  a  chain  of  1-inch  diameter  metal  is  near¬ 
ly  17,000  pounds;  for  l^-  inches,  20,00u  pounds. 

10.  Don't  forget  constant  and  careful  inspection. 

DETERIORATION  AND  INSPECTION  OF  WIRE  ROPES 

Wire  ropes  or  cables  for  car  trips  are  subjected  to  more  or  less  abuse  by  dragging, 
jerking,  stretching,  kinking,  weather,  and  corrosive  agencies.  Some  of  this  treatment  is 
avoidable,  but  under  normal  circumstances  a  wire  rope  starts  to  deteriorate  as  soon  as  it  is 
placed  on  a  hoist  reel  and  attached  to  mine  cars.  Some  ropes  drag  on  the  bottom  of  a  slope 
or  incline;  others  ride  on  idlers  and  rollers.  When  not  in  use,  ropes  should  not  be  allowed 
to  lie  on  the  ground;  they  should  be  either  coiled  on  the  hoist  reel  or  hung  up,  as  is  some¬ 
times  done  to  prevent  contact  with  acid  water.  Wire  ropes  should  be  inspected  frequently — 
daily,  in  fact — and  lubricated  at  frequent  intervals.  Occasionally  the  interior  should  be 
examined  by  untwisting,  and  if  the  core  is  dry,  the  rope  should  be  cleaned  and  oiled.  The 
socket  or  eye  and  clips  by  which  a  rope  is  attached  to  cars  should  also  be  examined  for 
broken  wires  and  other  faults.  If  any  are  found,  the  fastening  should  be  cut  off  and  another 
one  attached.  If  a  rope  shows  an  excessive  number  of  broken  wires  or  wear  in  its  length  it 
should  either  be  discarded  or  a  piece  cut  out  for  a  test  of  its  strength.  Where  there  is 
any  doubt,  even  by  visual  inspection,  it  is  wise  to  discard  a  wire  rope. 

COUPLING  PINS 

Defective  coupling  pins  are  a  source  of  accidents  in  mines.  Frequently,  badly  bent 
pins  are  kept  in  use.  Sometimes,  they  are  not  inserted  properly  and  result  in  runaway  trips. 
Coupling  pins  should  be  inspected  regularly,  changed  if  necessary,  and  straightened  if  not 
bent  too  much.  The  pin  should  be  provided  with  an  automatic  device  to  prevent  its  slipping 
out  of  place. 


SPRAGS 

Wooden  sprags  are  in  more  or  less  common  use  in  car  wheels  underground  and  on  the 
surface;  a  short  piece  of  light  rail  is  also  suitable.  A  plentiful  supply  should  be  avail¬ 
able  at  all  times.  If  they  are  too  short,  men  are  liable  to  have  their  hands  injured;  if 
they  are  too  long,  sprags  project  from  a  car  and  are  liable  to  strike  anyone  who  might  be 
standing  close  by.  Spragging  of  cars  in  lieu  of  proper  blocking  is  not  good  practice  unless 
the  pitch  is  low. 
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Figure  6.-  Safety  block  at  slope  entrance  to  stop  possible  runaway  cars.  It  must  be  held  open  while  trips  are 
being  lowered  into  a  mine 
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SUGGESTIONS  FROM  THE  BUREAU  OF  MINES  ACCIDENT- 
PREVENTION  COURSE  (1930) 

Section  4,  Haulage  Accidents,  in  the  Accident-Prevention  Course  of  the  Safety 
Division  of  the  U.  S.  Bureau  of  Mines,  now  being  used  in  the  field,  contains  the  following 
items : 

1.  Car  brakes,  when  not  properly  maintained,  constitute 
serious  hazards,  such  as  failure  to  control  cars  by  depending  on  the 
faulty  brakes  to  hold,  and  failure  of  some  part  of  the  brake  rigging 
while  attempting  to  set  brakes  may  cause  the  trip-rider  to  lose  his 
balance  or  be  thrown  under  the  moving  trip. 

2.  There  is  a  large  variety  of  coupling  devices  in  use. 

None  affords  complete  safety  if  the  coupling  is  done  while  cars  are  in 
motion,  itself  a  dangerous  practice.  The  principal  designs  are  link 
and  hook;  link  and  pin;  two  hooks  and  either  single  link  or  multiple 
link;  clevis  and  links  or  rigid  bar,  and  male  and  female  design.  (See 
fig.  5.)  There  are  two  inherent  dangers  in  all  coupling  devices — 
breakage  and  uncoupling.  Breakage  can  be  minimized  by  selecting  suit¬ 
able  sizes,  shapes,  and  metal;  discarding  the  couplings  when  worn,  and 
inspecting  with  heat  treatment  at  intervals. 

3.  To  avoid  accidents  from  breakage  of  the  main  coupling,  an 
additional  sturdy  coupling  of  the  car  to  the  rope  above  the  main  coup¬ 
ling  is  frequently  used.  To  avoid  accidents  caused  by  one  or  more  cars 
breaking  loose,  a  1-inch  wire  rope  is  sometimes  run  above  or  under  and 
fastened  to  each  car  of  a  man  trip.  In  some  western  coal  mines,  all 
pit  cars  have  safety  chains  in  addition  to  and  independent  of  the  draw 
bars  and  couplings. 

4.  Drags  are  much  used  on  loaded  trips  on  slopes,  and  on 
grades  in  locomotive  haulage.  To  prevent  the  drags  from  knocking  out 
rollers,  the  drag  may  be  placed  to  the  side  rather  than  to  the  center 
of  the  car. 

5.  Every  producing  entry  which  is  on  a  grade  should  have  a 
runaway  switch,  outby  the  first  working  or  producing  place,  to  prevent 
runaway  cars  from  running  back  down  the  grade. 

6.  A  safety  block  such  as  shown  in  Figure  6  should  be  pro¬ 
vided  at  slope  entrances  to  stop  possible  runaway  cars  and  trips.  Of 
course  it  must  be  held  open  when  trips  are  being  lowered  into  a  mine. 
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formations;  1,706,066;  March  19,  1929  . ■'.  .  .  6  9 

Koenigs berger,  J.  G.  .  Method  of  locating  salt  or  rock  layers; 

1, 743,358; '  jan.  14,  1930  . 19  28 


Marti,  Pierre  Auguste  Daniel.  Apparatus  for  recording  the  dur¬ 
ation  of  very  brief  phenomena;  1,613,520;  Jan.  4.  1927  ...  6  8 

McCollum,  Burton.  Method  and  apparatus  for  determining  the  con¬ 


tour  of  subterranean  strata;  Re  17,242;  March  19,  1929  ...  6  9 

_ ^t^ethods  and  apparatus  for  determining  the  slops  of  subsur¬ 
face-rock  boundaries ;  1,724,495;  Aug.  13,  1929  . 6  '  '10 

_ Method  and  apparatus  for  studying  subsurface  contours; 

1.724,720;  Aug.  13,  1929  . 6  10 

Mintrop,  Ludger.  Field  seismograph;  1,451,080;  April  10,  1923  .  6  6 

_ _ Geological  testing  method;  1.599.538;  Sept.  14,  1926  ....  6  8 

Nielson,  Bernhard.  Method  and  arrangement  of  directional  TOve 

reception  and  emissi’on;,.  1,662.247;  March  13,  1928  ......  6  9^ 

O'Brien,  Thomas.  Seismograph;  1,095,022;  April  28,  1914  '.  .  .  .  6  '  ‘  4 

Schutte,  Johann.  Instrument  for  recording  and  measuring  vibra¬ 
tions;  859,123;  July  2,  1929  .  .  .' . 6  '  10 

Sutherland,  John,'  '  Echo- distance  meter,  796,540;  Aug.  8,  1905  .  6  3 

Wheeler,  Lewis  R.  Device  for  registering  vibration  of  musical 

sounds;  844  ,  838;  Feb.  19,  1907  .  ' . 6  4 


4.  Electrical  Methods 


Brown,  Fred  H.  '  Appa'ratus  'for  detaching  mineral  ores';  274,833; 

March  27,  1883  ' . .  . . ' . •  6 

_ Process  of  Ibcat'irig 'raetairic  minerals  or  buried  treasures; 

645,910;  March  dO,  1900  '  .  . .  6 

_ ^Process  of  Locating  metallic  minerals;  672,309;  April  16, 

1901  .  .  .  '  V . . •.'....  6 
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Brown,  Fred  H.  Electrical  process  of  locating  running  water 

in  the  earth;  714,775;  Dec;  2,.  i'902  .  6  14 

_ Apparatus  for  locating  Petals',  minerals,  buried  treasuresT 

etc.,  without  digging;  727V077;'May  5,  1S03  .  .  .  .  .  .  6  14 

_ ^Electrical  apparatus  for  determining  the  location  of 

metallic  ores;  81 7, ■749;  April  17,  1906  .  .  \  .  -6  'IS 

Carlson,  V7endell  E.  *  Means  for  locating  ore  bodies-  by  audio¬ 
frequency  currents;  1,325»  554;  Dec.  23,  1919  6  16 

Chapman,  F.  S.  Method  of  detecting  the- presence  of  approxi-  - 

mate  location  of  meta] lic^iriasses  6  17 

Chilson,  D.  G.  Process  oi  and  device  for  locating  ore; 

1,491,900;  April  29.  1924’.  6  17 

Conklin,  Harry  R.  Method  and  a,pparatus  for  deteraining  sub¬ 
terraneous  conductors;  1,241 ,197; ' Sept. '25, • 1927  .  .  .  .  •  6  18 

Daft,  Leo.  Apparatus  for  detecting,  and  localizing  mineral  de¬ 
posits;  817,736;  April  10,' 1906  .  6  14 

Davis,  Walter  W.  ’Method  of  detecting  ore  deposits;  1,724,794; 

Aug.  13,  1929  . . 6  22 

Gella,  Horbert.  Electrical  prospecting  device; ■ 1, 708,386; 

Anril  9,  1929  '6  21 

Godkin,  Cecil  E.  'Electromagnetic  detecting  device;  1,665,662; 

Anril  10.  1928  6  19 

Guilford,  E.  H.  Method  of  locating ‘underground  conducting 

bodies;  1,718,352;  June  25,  1929  .  . .  6  21 

Hanson,  Earl  C.  Means  for  locating  ore  bodies  by  audio¬ 
frequency  currents;  1,325,554;  Dec.  23,  1919 . '  6  16 

Herr,  Shirl.  Device  for  underground  prospecting;  1,676,779; 

July  10.  1928  . . 6  19 

_ Hidden-metal  detector;  1,679,339;  July  31,  1928  .  6  20 

Hickies,  V/illiam  E.  '  Apparat’us  for  examining  ores;  380,8^:2; 

April  10,  1888  '.  .  .  .  .  .  .  6  12 

Highthill,  August  P.  Means  for  electrically  locating  mineral 

veins;  308,908;  Dec.  9,  1884  6  11 

Kester,  Jesse  F.  Electrical  metal  detector; ’412,924;  Oct. 

15,  1889  .  6  12 

Leonard,  George  I.  Method  of  locating  minerals  ; -736, 411 ; 

Aug.  18,  1903'.  •  . .  ' .  6  14 

Loth,  William  A.  Method  of  electromagnetic  underground  pros- 

pecting;  1,672.328;  JUnfe  5, ‘1928  6  19 

Lowy,  Henrich.  Method  for  locating  subterranean  strata; 

1,045,575;  Nov.  26,  1912  6  15 

_ Method  for  ascertaining  the  nature  of  subterranean  strata; 

1,092,065;  Match  31,  1914’ 6  15 

_ ^Means  for  electroaviatic  proof  and  measuring  of  the  dis¬ 
tance  of  electric  conductive  bodies';  1,492,300;  April  29, 

1924  6  17 

_ Means  for  electric  proof  and  measuring  of  the  distance  of 

electrically  conductive  bodies;  1,585,591;  May  18,  1926  .  6  18 

Lundberg,  Hans.  Ore  detector;  1,537,360;  May  12,  1925  ...  6  17 

Mason,  Max.  Method  of  determining  the  nature  of  subsoil; 

1,692,849;  Nov.  27.  1928  6  21 
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McClatchey,  Augustus  p.  Electric  prospecting  apparatus; 

681,654;  Aug.  27,  1-901  .  ..  .  ...........  6  13 

- _Auparatus  for  locating  metals,  minerals,  ores,  etc.; 

686,632;  Nov.  12,  1901  .  . . 6  13 

McEvoy,  Charles  Ambrose.  Apparatus  for  finding  torpedoes, 

etc.;  269,439;  Dec.  19,  1882  . 6  10 

Mellett,  Lemuel.  Electrical  ore-detector;  367,422;  Aug.  2, 

1887  . 6  12 

_ ^Electrical  ore-indicator;  267.541;  Aug.  2,  1887  ...  .  6  12 

Nathorst,  Harry.  Ore  detector;  1,537,360;  May  12,  1925  .  .  6  17 

Nelson,  Rv^ert.  Method  of  and  apparatus  for  detecting  the 

presence  of  ore  deposits  in  the  earth;  1,248,380;  Nov. 

27,  1917  . .  6  16 

Prince,  Jerome,  Means  for  electrically  locating  and  follow¬ 
ing  veins  of  metal  in  the  earth;  293,518;  Peh.  12,  1884  '6  11 

_ .Electrical  ore-indicator;  367,541;  Aug.  2,  1887  ....  6  12 

Schleicher,  Manfred.  Apparatus  for  measuring  earth  resist¬ 
ances;  1,775,502;  Sept.  9,  1930  .  6  28 

Schlumberger,  Conrad.  Location  of  ores  in  subsoil; 

1.163,469; .  Dec.  7,  1915  ................  6  16 

_ Process  for  determining  the.  nature  of  the  subsoil  by  the 

aid  of  electricity;  1,163,468;  Dec.  7,  1915 .  6  16 

_ Klethod  for  the  location,  of  oil-bearing  formations; 

1,719,786;  J'oly  2,  1929  .  .  .  6  21 

Sundberg,  Karl.  Method  for  electrical  searching  of  ore; 

1,660,774;  Peb.  28.  1928  . .  . .  6  18 

_ Method  and  device,  for  detecting  and  locating  ores  in  an 

electromagnetic  way;  1.673,489;  July  24,  1928  ......  6  20 

Varley,  Cromwell  p.  Electric  divining-rod;  277,087;  May  8, 

1883  . 6  11 

Von  Schultz,  Max.  Apparatus  for  searching  of  sunken  bodies; 

840,018;  Jan.  1,  1907  .  .  . .  6  •  ■  15 

VOS,  Mauri tz.  Method  for  electrical  searching  of  ore; 

1,660,774;  Peb.  28,  1928  . 6  18 

William,  Alfred,  Apparatus  for  detecting  and  localizing  • 

mineral  deposits;  817,736;  April  10,  1906  6  14 

William,  John  R.  Apparatus  for  examining  ores;  380,842; 


Zuschlag,  T.  Method  of  investigating  the  nature  of  sub¬ 
terranean  strata;  1,652,227;^  Dec.  13,  1927  . '  .  .  6  18 

_ ^Method  and  apparatus  for  exploring  subterranean  strate; 

1,676,847;  July  10,  1928  . . .  .  6  .19 

_ lilethod  and  apparatus  for  locating  ore  bodies;  1,692,530; 

Nov.  20,  1928 . .'  . . ■ .  6  20 
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EFFECT  ON  WORKERS  OF  AIR  CONDITIONS^ 
By  R. -R.  Sayers^ 


That  the  maintenanc,e'  of  proper  air  conditions  is  a.  most  important  factor 
in  the  control  of  occupational  hazards  is  shown  hy  the  largp  amount  of  material 
presented  .es-oh  year  through  the  technical  journals  on  the  effects  on  workers  of 
injurious  dusts,  gases,  and  variations  in  temperature  and  humidity. 

,  .  -  ,  '  .  r  . 

SUMMaRf  OF  iiECENT  LITERATURE  ON  EFFECTS  ON  WORKERS. 

OF  EXPOSURE  TO  DUSTS 

The  subject  of  the  control  of  dust  and  dust  diseases  continues  to  be  a 
matter  of  serious  concern  in  most  of  the  industrial  countries  of  the  world,  as 
indicated  by  the  following  summary  of  reports  published  in  a  number  of  foreign 
countries  as  well  as  in  the  United  States. 

f 

Australia. -  The  Workmen's  Compensation  Act  of  1920  for  New  South  Wales^ 
provided  for  the  promulgation  of  schemes  for  the  compensation  of  workers  dis¬ 
abled  by  silica  or  other  dust.  In, 1924  the  prevalence  of  silicosis  and 
tuberculosis  among  Sydney  stonemasons,  quarrymen,  sewer  mdners  and  rockchoppers 
was  investigated  by  a  Technical  Committee  of  Inquiry,  appointed  upon  the 
recommendation  of  the  New  South  Wales  Board  of  Trade.  The  findings  of  this 
committee  were  published  by  the  Government  in  1925.  No  scheme  was  promulgated 
by  the  Government  and  in  1926  the  Act  was, amended  limiting  its  scope  to  workmen 
disabled  by  disease  caused  by  silica-dust.  'This  was  promrulgated  and  gazetted 
on  September  16,  1927,  and  applies  to  men  working  in  sandstone  as  stonemasons, 
quarrymen,  rockchoppers,  and  sewer  miners  in  the  Cqunty  of  Cumberland. 


1  Report  of  the  Chairman  of  the  Subcommittee  on  Physiological  Factors  of  the 

Committee  on  Ventilation  of  the  Anerican  Institute  of  Mining  and 
Metallurgical  Engineers  presented  at  the  meeting  in  New  York  City, 

February,  1931.  'The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper, 
provided  the  following' footnote  acknowledgment  is  used:  "Reprinted  from 
U.  S.  Bureau  of  Mines  Information  Circular  6439." 

2  Chief  surgeon,  U.  S.  Bureau  of  Mines  or,  chief,  health  and  safety  branch; 

surgeon,  U.  S.  Public  Health  Service. 

3  Third  Annual  Report  and  Statistics  of  the  Viorkers'  Compensation  Commission  of 

New  South  Wales  for  the  Year  July  1,  1928,  to  June  30,  1929;  Published 
December  18,  1929,  78  pp.  ,  ... 
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Ihe  report  of  the  Workers'  Compensation  Commission'^  gives  information  in 
regard  to  1,300  of  1,500  workmen  examined  to  A-ugust  23,  1929.  Of  107  stone¬ 
masons  examined,  9  had  tuberculosis,  17wef^’'ln  various  stages  of  silicosis,  and  ' 
26  had  silicosis  with  tuberculosis.  'Ihese  men  had  worked  in  the  industry  for 
periods  varying  in  length  from  10  to  55  years.  Of  the  29  monumental  masons,  2 
had  tuberculosis,  1  had  Class  A  silicosis,  and  5  had  silicosis  with  tuberculosis. 
No  statement  is  given  as  to  the  length  of  time  worked  by  these  men,  with  the  ex¬ 
ception  that  the  one  suffering  from  Class  A  silicosis  had  woriced  for  31  years 
in  the  industry.  Of  the  37  ballast  quarrymen,  1  had  tuberculosis  and  2  had 
marked  silicosis.  'Ihe  two  with  marked  silicosis  had  wormed  2  and  12  years 
respectively,  but  no  statement  is  made  in  regard  to  the  one  m.an  with  tuber  cvlLob  is - 
Of  the  80  dimension  quarrymen,  6  were  diagnosed  as  having  tuberculosis,  3  as 
having  early  silicosis,  2  as  having  marked  silicosis,  and  16  as  having  silicosis 
with  tuberculosis.  'Ihe  three  cases  diagnosed  as  in  the  early  stage  of  silicosis 
had  wormed  18,  20,  and  20  years,  respectively,  and  those  with  mariced  silicosis 
had  worked  16  and  20  years,  respectively,  iimong  the  377  rocicchoppers  examined, 

12  had  tuberculosis,  25  had  silicosis,  and  10  had  silicosis  with  tuberculosis. 
These  men  had  wormed  in  the  industry  for  periods  varying  from  5  to  32  years. 

Workmen  in  the  Broken  Hill  mines  are  compensated  under  a  scheme  con¬ 
tained  in  the  Workmen's  Compensation  (Broken  Hill)  Act,  1920-1927.  The  Broken 
Hill  (Pneumoconiosis-Tuberculosis)  Compensation  Scheme  is  administered  by  a 
joint  committee  at  Broken  Hill.^ 

In  regard  to  conditions  at  Broken  Hill,  according  to  George, 6  up  to 
June  30,  1929,  in  no  case  has  a  man  with  no  mining  experience  before  1921,  and 
who  has  worked  in  Bremen  Hill  only  during  the  succeeding  years,  been  discovered 
with  dust  disease  of  the  lungs.  This  means  that  at  Broken  Hill,  as  far  as  is 
known,  the  period  of  exposure  is  at  least  eight  years,  and  the  appearance  of  the 
first  case  of  pneumoconiosis  among  men  in  this  classification  is  still  awaited. 

.'The  idea  that  two  factors  operate  in  the  development  of  pneumoconiosis 
in  a  miner  is  considered  by  George  as  probably  the  most  important  development 
during  the  past  few  years  toward  an  understanding  of  the  true  nature  of  dust^ 
disease  of  the  lungs.  He  states  that  the  following  observations  made  at  Broken 
Hill  during  the  past  eight  years  support  the  view  that  there  is  a  tubercular 
element  in  every  case  of  dust  disease,  even  in  so-called  "simple" 
pneumoconiosis: 

The  fact  that  of  many  men  exposed  at  work  to  exactly  similar 
conditions  only  a  percentage  are  ai'fected  by  dust,  i.e.,  there  must  be 
an  additional  factor  in  the  man  himself  for  the  production  of  the 
disease. 

--  --  _ _  -  — _  ■■  ■■■■_■  _  - .  -  -  -  -  V  ...  . 

4  See  footnote  3.  ... 

5  See  footnote  3. 

6  George,  W.  E. ,  Eight  Years'  Further  Observation  of  Bust  Bisease  of  the  Lungs 

Occijrring  imiongst  Miners  at  Broken  Hill:  Third  Annual  Keport  and 
Statistics  of  the  V/orkers'  Compensation  Commission  of  New  South  Wales  for  j 
the  Year  July  1,  1928,  to  June  30,  1929,  Bee.  18,  1929,  78  pp.  ^ 
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The  large  percentage  of  men  with  "simple"  pneiimoconiosis  who 
have  eventually  developed  "overt"  tuberculosis,  even  when  removed' to 
surroundings  where  it  was  most  unlilcely  they  would  be  reinfected  by 
the  tubercle  bacillus.  This  is  particularly  emphasized  by  the  after 
histories  of  certain  Broken  Hill  miners  (34  in  n'orrber),  suffering 
from  simple  pneumoconiosis,  who  tooic  up  blocics  on  the  Murrumbidgee 
Irrigation  Area  at  Griffith,  Hew  South  Wales.  These  men  cleared 
virgin  .country,  erected  new  homes,  and  lived  in  the  most  healthy 
surroundings  possible,  but  12  of  them  have  since  developed  overt 
tuberculosis,  and  7  of  the  12  have  died  of  pulmonary  tuberculosis. 

These  men,  far  from  Broken  Hill,  were  not  in  contact  with  beneficiaries 
who  had  tuberculosis,  and  v/ho  may  have  been  accused  of  bestowing  the 
tubercular  infection. 

Inmost  radiographs,  even  of  so-called  "  simple";  pne-umoconiosis, 
an  area  suspicious  of  either  heaJed  or  incipient  tuberculosis  can  be 
recognized  if  searched  for.  Gradually  improved  radiographic  technique 
has  made  the  recognition  of  this  area  much  more  frequent  than  was  the 
case  eight  years  ago.  When  watched  over  a  period  of  years,  this 
suspicious  area  has  frequently  been  observed  extending,  and  eventually 
the  condition  of  pneumoconiosis  with  tuberculosis  is  established 
clinically  as  v/ell  as  radiographically.  In  cases  which  have  suddenly 
developed  an  acute  tuberculosis  after  showing  no  change  for  years  an 
area  such  as  this  has  been  observed  to  be  the  starting  point  of  the 
active  disease. 

Chapman'^  has  the  following  to  say  in  this  connection: 

In  the  production  of  silicosis  it  v/ould  thus  appear  that  the 
particles  of  silica  are  in  many  individuals  absorbed  in  the  lungs  with¬ 
out  giving  rise  to  silicosis.  In  other  individuals  the  particles  of 
silica  do  not  appear  to  be  absorbed,  but  give  rise  to  inf lammsitory 
areas  starting  silicosis  of  the  lungs.  It  has  been  suggested  that  this 
inflarciratory  process  occurs  in  persons  already  the  sublects  of 
tubercular  inflammation.  It  is  said  that  it  is  the  tuberculous  sub¬ 
jects  who  become  silicotic.  'The  question  may  be  asued  whether  the 
areas  of  the  lungs  in  which  particles  of  silica  are  not  removed  and 
in  which  silicosis  develops  are  not  already  the  seats  of  tuberculous 
processes.  The  answer  woiold,  however,  appear'to  be  in  the  negative 
since  the  characteristic  feature  of  the  silicotic  inflammatory  change 
is  its  uniform  distribution  throughout  the  lungs;  even  at  an  early 
stage,  uniformity  of  distribution  in  the  pathological  process  is 
characteristic  of  silicosis.  On  the  other  hand,  it  is  unusijal  to 
observe  uniformity  of  distribution  throughout  the  lungs  in  the  early 
tubercular  inflammations.  My  friend.  Dr.  S.  A.  Smdth,  reminds  me 
that  early  tuberculosis  tends  to  attack  the  apices  of  the  lungs. 

Many  have  observed  that  the  apices  tend  to  be  the  last  areas  attaciced 
by  silicotic  inflammation, 

7  Chapman,  H.  G. ,  Silicosis  and  Tuberculosis.  Third  Annual  Report  and 

Statistics  of  the  Workers'  Compensation  Commission  of  New  South  Wales  for 
the  Year  July  1,  1923,  to  June  30,  1929,  Dec.  18,  1929,  78  pp. 
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( 

England. -  Bridge,®  in  calling  attention  to  the  importance  of  silicosis 
as  an  industrial  disease,  says  that  while  to  Gollis  belongs  the  credit  of  draw¬ 
ing  attention  to  the  effects  of  the  inhalation  of  occupational  dust  containing 
free  silica,  even  he  did  not  vis'oalize  the  widespread  nature  of  the  industries 
in  which  dust  containing  free  silica  occurs,  as  indicated  by  the  recent  plan  * 

for  compensation  under  the  Various  Industries  (Silicosis)  Scheme,  which  covers 
such  widely  different  industries  as  the  manufacture  of  pottery,  the  mating  of  , 

scouring  powders  containing  silica  flour,  the  sandblasting  of  castings,  the 
making  of  poultry  grit  by  grinding  and  crushing  of  flints,  the  mining  of  tin 
and  coal,  and  the  making  of  vitreous  enamels,  as  well  as  the  sandstone  industry 
affecting  q^uarriers  and  masons. 

One  of  the  points  emphasized  by  Bridge  is  that  there  are  few,  if  any, 
dusts  occurring  in  industry  that  will  not  produce,  in  certain  individuals,  an 
inflammatory  condition  of  the  skin;  but  that  however  distressing  and  economical¬ 
ly  wastefifL  simple  lesions  of  the  skin  by  practically  all  dusts,  may  be,  they 
are  as  nothing  compared  with  cancer  of  the  sKin  produced  by  dust..  He  states 
that  althoxagh  the  m.ain  incidence  occurs  among  the  patent,  fuel  workers  in  South 
Wales,  the  pitch  workers  in  gas  works,  the  loaders  and  unloaders  of  pitch,  and 
the  workers  exposed  to  pitch  dust  in  tar  distilleries,  all  workers  wherever 
they  may  be  share  the  risk. 

} 

According  to  The  Colliery  Gxiardian,®  a  subject  of  increasing  importance 
to  the  mining  community  is  the  occurrence  of  cases  of  silicosis  in  coal  mines. 
Birmingham  University  hopes  shortly  to  commence  systematic  chemical  investiga¬ 
tion  of  the  shales  in  the  vicinity  of  coal  seams  and  those  in  whicn  drilling 
and  blasting  have  frequently  to  be  done.  It  is  also,  proposed  to  investigate, 
the  quantity  and  nature  of  -the  dust  suspended  in  the  air  in  underground  places 
where  drilling  is  being  carried  out.  ,  •  . 

It  is  the  understanding  of  The  Colliery  Guardian^^  that  the  Home  Office 
proposes  to  make  certain  alterations  in  the  Various  Industries  (Silicosis) 

Scheme,  1928,  that  may  especially  affect  coal  miners.  It  vras  this  cheice  that 
the  British  Medical  Journal  characterized  as  an  example  of  the  unu3u.al  course 
taken  by  the  Government  of  legislating  first  a.nd  postponing  inquiry  until  a 
later  date.  The  same  paper  emphasized  the  necessity  for  some  standard  of  what 
constitutes  an  injurious  am.O'ant  of  silica-dust.  Not  long  ago  the  Trades' 

Union  Council, H  on  behalf  of  the  Miners'  Federation,  made  representations  to 
the  Home  Secretary  that  great  hardship  was  being  caused  to  workmen,  especially 
in  coal  mines,  by  reason  of  the  words  "or  any  rock  containing  less  than  50  per 
cent  free  silica"  in  the  definition  of  silica  rock  in  the  scheme.  These  words 
were  specifically  inserted  on  the  advice  of  the  Geological  Survey  for  the  pur¬ 
pose  of  excl\ading  the  granite  industry,  pending  further  medical  inquiry  into 
the  occurrence  of  silicosis  in  that  industry.  That  inquiry,  which  has  now  been 

8  Bridge,  J.  C. ,  Remarks  on  Occupational  Dust:  British  Medical  Jour., 

No.  3598,  December  21,  1929,  pp.  1143-1147. 

9  The  Colliery  Guardian,  Mining  Research  at  Birmingham  University:  Vol.  141, 

No.  3638,  July  11,  1930,  pp.  155-157.  | 

10  The  Colliery  G-oardian,  Silicosis  in  Coal  Mines:  Vol.  141,  No.  3633, 

August  15,  1930,  pp.  591-592. 

11  Ibid. 
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completed,  found  tliat  silicosis  in  tlie  granite  industry  is  confined  to-  certain 
occupations  and,  therefore,  it  is  held  that , the  reason  for  the  adoption  of  the 
reduction  as  to  50  per  cent  has  disappeared.  .The  chief  complaint  of  the  Miners’’ 
Federation  whs  that  a  heavy  hui’den  was  imposed  upon  the  miner  hy  the  require¬ 
ment  that  he 'must  prove  that ‘he  had,  vvithiji  the  previous  three  years,  "been 
drilling  or  handling  one  of  the  classes  of  stone  included  in  the  definition  of 
“  silica  rocic.” 

'The  Colliery  Guardian  considers  that  the^  main  diff  icul.ty  arising  from 
the  amended  scheme  will  he  "in  aid judi dating  upon  cl'aim,s  'by  workmen  who  suggest 
that  they  ha,ve  •  co'ntracted  silicosis  through.  wpr.<£:ir^.  .in  or  traveling  in  roadways 
where  ■  st’one-dust  is  used  in  accordance' v/ith' .the  regulations  to  prevent  coal- 
dust  explosions.  '  It  is  now  .provided  ^that-  no  dust,  shall  be  used  for  this  purpose 
that  may  be 'prohibited  by ’the;  hoard.  Qn*  the  ground,.tha.t,  it  would  be  ,  injurious  .  ' 
to  the  health 'of  persons, 'working. un  the  mine.  > -It  is,  not t  thought  that  this 
regulation  will  pre'vent  claims  from*  "being  put  forward  by  woricmen,  who  may 
suggest  that  the  contraction  of, phthisis  is.. in  itself  the  best  proof  that  the 
dust  employed  is  of 'a,  dangerous  character.:  <■  ' 

The' Workmen!  6,  Compensation^  Act,  1925,  was' extended  to  industries  in¬ 
volving  exposure  to  asbestos-dust,.,  as .  a.  result  of  the  report  of  an  inquiry  sub¬ 
mitted  to  Parliament  indMarch,  1930,^^  which  stated  that  there  was  grave  danger 
of  workers  in  the  asbestos  industry  contractirg  f  ibrosis  of -the  lungs,  culminat¬ 
ing  not  merely  in  disablement  but  in  death.  Fourteen  deaths;  were  recorded  and 
the  disease  affected  one  in  eight  of  those  employed, _ a  f igure  that  only  applied 
to  those  who  were  actually  in  em.ployment  at  the  time  the  examination  tooic 
place  -  roughly  2,000  people.  'The  employers,  .who  believed  that  the  provisions 
of  this  bill  were  on  the  riglit  lines,  "and  the  Trade  Union  Congress  representing 
the  industries  and  workers  concerned, .wepe  also  agreed. 

The  lancetl4  calls,  attention. 'to  'the  difference,  in  the  fibrosis  result¬ 
ing  from  asbestos^dust  ‘and  that  from  silica-dust  encountered  in  gold  mines. 

The  whorled  formations  seen  in  gold  miners’  phthisis  are  absent  and  are  re¬ 
placed  hy  a  diffuse  fine  interstitial  pneumonia.  ,  The  difference  is  also  re¬ 
flected  in  radiograris  ojf  the  two  conditions,  the  gold-miner' s  lung  showing 
scattered  dense  rounded  opacities  which  contrast  with  .the  fine, basal  mottling 
and  linear  striae  which  are  characteristic  of  the  asbestos-worker’s  lung,  A 
peculiar  feature  of  pulm.onary  as’bestosis  is.,  the  presence  .-of  the  so-called 
ashestosis  bodies.  'Ih'ese  were  discovered  hy  Prof.  Matthew  Stewart  in  the 
sputum  of  w'orlcers  s\iffefing  from  the  disease;  .  they  have  been  .pemionstrated  by  a 
number  of  investigators  in  sections  from  the  lungs, and  in'lur.g  juice  removed 
during  life  by  exploratory  poncture  or  expressed  at  autopsy.  The  asbestosis 
body,  which  bee-rs  a  curious  resemblance  to. a--minute- crustacean,  consists ‘of  a 

12  Merewether,,  E.  H.  a.  ,  and  Price,  «C.  Vif,  ,  Report  on.iiffectis  of  Asbestos  Dust 

on  the  Lungs;  Home  Office,  London,  1930,  54  pp. 

13  ‘The  Lancet,  Vforiunen'.e .  Compensation  (Silicosis  Bill):.  Vol.  2,  No.  3, 

July  19,  1930,  p.  163. 

14  The  Lancet,  Pulmonary  Asbestosis:  Vol.  50,  No.  13,  March. 29,  1930, 

pp.  701-702. 
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centi*al  core  of  asbestos  fiber  which  appears  to  be  embedded  in  a  series  of 
disks.  One  end  of  the  fiber  is  often  buried  in  a  bulbous  extremity,  and  this 
with  the  succeeding  disks  produces  the  appearance  of  a  minute  screw.  ITie  nature 
of  the  aggregation  aroxind  the  central  spicule  is  unknown,  but  Gloyne  has  been 
able  to  demonstrate  the  central  fiber  by  exposing  the  containing  body  to  the 
action  of  sulph-uric  acid. 

France. -  'Ihe  interest  in  France  in  the  subject  of  the  health  hazard 
from  dust  is  shown  by  the  decree,  issued  by  the  French  Ministry  of  Labor  in 
November,  1929,  which  obliges  doctors  to  make  notification  of  p-ulmonary  affec¬ 
tions  caused  by  dusts  of  silica,  lime,  clay,  or  coal,  in  order  to  obtain  in¬ 
formation  upon  which  to  base  an  extension  of  compensation  for  disease.  Feil^^ 
is  of  the  opinion  that  the  decree  should  be  modified  to  require  notification  of 
silicosis  only,  since  other  dusts,  such  as  coal,  iron,  or  clay,  are  injxirious 
only  when  associated  with  free  silica,  which,  causes  silicosis  when  inhaled. 

Germany. -  German  investigators^^  consider  occupational  dust  to  be  ex¬ 
traordinarily  significant  for  industrial  hygiene  and  to  continue  to-day  to  take 
first  place  amon^  the  causes  of  occupational  diseases,  especially  tuberculosis 
of  the  lungs,  Jotten-Munster^"^  says  that  it  is  an  outstanding  fact,  known  for 
many  years  and  from  many  statistics,  .that  woricers  engaged  in  dusty  trades  have 
a  larger  death  rate  for  tuberculosis  of  the  lungs  than  other  workers.  He  calls 
attention  to  the  fact  that  the  metal  grinders  in  Solingen  and  Sheffield  always 
die  of  phthisis  at  an  age  before  their  children  are  grown.  In  the  Solingen 
district,  for  example,  the  death  rate  is  double  that  of  the  rest  of  the  popula¬ 
tion  and  the  illness  figure  is  four  or  five  times  higher.  The  file  cutters  and 
grinders  show  the  highest  mortality  from  tuberculosis.  The  workers  in  the 
metal  mines  do  not  have  as  many  fatalities  from  dust-lung  tuberculosis.  In 
1920,  Ickert  found  a  tuberc’olosis  mortality  rate  of  19.5  per  10,000  among  the 
bituminous  marl-slate  miners  of  the  Mansfield  mountain  district  where  some 
years  later  Jiedeker  found  the  rate  to  be  36.5  per  10,000  miners.  As  is  well 
Known,  with  stonev/orkers  four-fifths  of  all  cases  of  death  can  be  traced  back 
to  tuberculosis.  This  is  especially  true  for  the  sandstone  and  flint  workers, 
as  well  as  for  those  who  work  in  ceramic  factories.  Those  who  work  in  granite 
are  somewhat  less  endangered,  since  it  contains  less  crystalline  SiOg  than 
sandstone  which  consists  principally  of  silica. 

Jotten-Munster^®  describes  the  investigations  carried  out  by  the 
G,yvernment  Research  Division,  of  the  Institute  of  Hygiene,  University  of 
Munster,  Bochum,  Germany,  as  follows: 

15  Feil,  A.,  Contribution  a  I’etude  des  pneumokonioses  prof essionnelles : 

Presse  Medicale,  No.  56,  July  12,  1930,  pp.  939-942. 

16  Die  gewerbliche  Staublungenerkrankung:  Beihefte  Zentralb.  Gewerbeh. 

Unfall verhutung.  No.  15,  pub.  by  Julius  Springer,  1929,  146  pages. 

17  Jotten-Munster ,  K.  W. ,  Staublunge  und  Staublungentuberkulose :  Beihefte 

Zeutralb.  Gewerbeh,  Unf allverhutung.  No.  15,  pub.  by  Julius  Springer, 

1929,  pp.  22-49. 

18  See  footnote  17. 
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In  our  first  series  of  experiments  we  to<?:.c  up 'the  notoriously 
injurious  steel  grinding  dust  and  the  apparently  halrnless  liire  dust 
in  order  to  cbirpare  the  action  of  these  dusts  with  that  of  the  dis¬ 
puted  dusts  of  porcelain,  coal,  and  the  closely  related  lampblack. 

In  'the  second  series  of  experiments, 'the  certainly  injuriously 
active  clay-slate  (argillite)  dust  (high  SiOg  content)  was  compared 
with  the  apparently  harmless  cement  dust  and  the  questionable  tobacco 
dust.  ' 

f  * 

In  the  third  series,  finally,  we  experimented  with  the  lime¬ 
stone  dust  present  in  the  harmless  cement,  the  'noninjufious  i'homas 
slag  dust,  and  the  questionable  cotton  textile  dust. 

Rabbits  were  used  for  experimental  animals,,  after  we  had 
determined  previously  that  experimental  rabbit  tuberculosis  produces 
tuberculous  lung  processes,  which  resem.ble  human  lung  tuberculosis 
from  the  standpoint  of  running  a  longer-lasting  course  m:uch  m.ore  than 
the  tuberculosis  that  can  be  caused  experimentally  in  guinea  pigs. 

Before  beginning  the  dust  experiments, ' we  succeeded  through  a 
very  slightly  fixed  infection  brought  about  by  means  of,  inhalation  of 
weak  rabbit-virulent  and  human  bacilli  in  causing  an  immunity- trough- 
disease  in  the  experimental  a.riimals  as'we  have  done  with'grbwn,  already 
tuberculous-diseased  hum^.  teings.  The  secondary  infection  renewed 
later  toward  the  clbse  of  the  dusting  lead  to  a  secondary,  that  is, 
chronic  indurative  tuberculosis.  This' is  a  new  investigative" 
possibility  which  has  not  been  used'  up  to  this  time  with  tuberculosis  ' 
experimients . 

j'otten-Munster  surrm.arizes  the  results  '  of  '  these''experiments  as  follows 

The  severest  changes 'were ‘  as  was  to  be  expected,  caUsed  by 
the  steel  grinding  dust,  the  next  by  the  dusts  with  high  silica  content, 
such  as  rock  dust  (with  clay  slate),  and  porcelain.  Of  these  latter, 
the  higher  the  silica  content' the' more ' injurious  they  were.  Coal  dust 
and  lampblack  had  a  moderately  inj'urious  effect,  while  cemisnt,  lime¬ 
stone,  ■Jlibm.as  slag,  textile,  and  tobacco  dust  were  still  less  injurious, 
with  lime  dust  in  the  form  of  Ca(0H)2  the  least  harmiful. 

On  the  basis  of  the  experiments,  the  disputed  porcelain  dust 
as  well  as  the  silicates  can  in  no  way  be  considered  as  harmless. 

Also,  it  is  not  claimed  that  anthracite  coal  dust  is  completely  in¬ 
different  or  checks  tuberculosis  entirely;  it  stands  close  to  the  zone 
of  indifference;  it  even  promiotes  tuberculosis.  The  tubercle  has 
developed  everyv;here  around  the  coal  particles.  The  opinion  is  correct 
that  the  relative  infrequency  of  tuberculosis  am.ong  coal  miners  is  due 
not  to  a  tuberculocidal  property  of  the  coal  dust  but  much  more  to  the 
careful  occupational  selection.,:  possibility  of  earlier  disability  of 
the  m.iners,  and  other  exceptional  elements.  ‘The  reports  that  the  con¬ 
dition  of  other  coal-dust  workers,  for  example  the  men  unloading  the 
coal,  does  not  remain  for  long  as  favorable  as  that  of  the  miners 
indicate  this. 

8891 


7 


I.  C.  6439 


rthat  has  been  said  for  anthracite  coal  dust  applies  also  to 
cement  and  limestone  dust,  which  experimentally,  indeed,  are  less  in¬ 
jurious  than  coal  dust  but  are  not  entirely  indifferent.  Results  of 
investigations  in  the  industry  itself  strengthen  these  views,  ihe 
animals  exposed  for  four  months  in  the  packing  room  to  about  20  mg. 
dust  in  a  cubic  meter  of  air,  in  the  cement  mill  to  about  160  mg.  of 
dust  in  a  cubic  meter  of  air,  and  those  in  the  ball  m.ill  with  about 
300  mg.  of  dust  per  cubic  meter  of  air  showed  the  same  reaction  to 
dust  and  a  slight  promotion  of  tuberculosis,  when  infected  by 
tubercle  bacilli,  as  did  the  laboratory  animals. 

Our  results  with  lime  dust  were  especially  favorable.  ihe 
harmlessness  of  the  lime  may  be  explained  principally  by  the  fact 
that  it  dissolves  in  the  tissue  liquids  and,  therefore,  exerts  no 
injurious  mechanical  action’.  In  addition  the  inhalation  of  lime 
assists  the  calcification  of  the  tuberculous  foci  and  in  this  way 
the  tubercle  bacilli  are  immobilized. 

Ihere  seems  to  be  some  difference  of  opinion  among  German  investigators 
on  this  subject  of  the  effects  of  dust.  Hollman,^^  of  Solingen,  male's  the 
following  deductions  from  his  studies:  • 

Tuberculosis,  which  today  in  industrial  regions, accompanies 
men  from  the  cradle  to  the  grave,  we • need  not  regard  as  an  Occupation- 
,  al  disease,  as  the  course’ of  the-disease, is  not  more  severe,  the 
fatality  not  higher  among  grinders  than  among  other  industrial  workers. 
Infection  and  reinfection' are  decisive  for  its  progress^ which  depends 
upon  exposure  and  the  ability  to  withstand  contagion,,  arid,  these  are 
not  unfavorably  affected  by  occupation. 

>  'j  ■ 

There  is  even  discussion  that  with  slight  production  of  grind¬ 
ing  dust  the  resistance  to  infection  can  be  increased,  that  these  cases 
run  a  milder  course,  conforming < to  the  Arndt- Schxilz  law  of  the  effect 
of  weak  irritation. 

.  'There  is  an  individual  constitutional  disposition  toward 
pneumoconiosis,  the  preliminary  conditions  of  which  have  not  been 
satisfactorily  investigated  in  a  scientific  manner.  It  appears  in 
our  metal  grinders  no  more  frequently  comparatively  than  with  wormers 
in'  other  occupations  and,  on  the  other  hand,  does  not  parallel  dust 
production. 

For  the  prevention  of  pneumoconiosis  as  a  disease  limiting 
industry  and  threatening  life.  X-ray  examinations  should  have  place 
■under  the  executives  of  the  dusty  industries,  to . v/hich  metal  grind¬ 
ers  belong.  Such  investigations,  that  is  with  good  apparatus,  are 
sufficient  every  two  or  three  years.  '■ 

19  .Hollman,  Schleif erkrankheit  und  Xungentubermulose :  Reihefte  Zentralb. 

Gewerbeh.  Unfall verhutung,  No.  IB,  1929,  pp.  128-141,- 
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'Ihe  reduction  of  deaths  among  grinaers  in  Sol  ingen  during 
the  last  30  years  -  according  to'releicy  from  1923  to  1927,  40  per 
cent  for  Knonenherg  and  30  oer  cent  for  Remschied  -•  encourages  us 
to  strive  for  the  goal  by  the  two  attainable  methods  of  reducing 
the  dust  hazard  and  reducing  the  operation  of  tuberculosis  infec¬ 
tion,  which  brings  up  the  most  important  problem  of-  medical  activity, 
prophylaxis.'-'  :  “  ' 

Von  Dohren^®  also  mentions  individual  disposition  toward  the  develop¬ 
ment  of  pneumoconioses.  He  says  that  whether  this  individual  disposition  is 
postulated  by  ah  insufficiency  of  the  reticulo-endothelial  apparatus,  which  is 
perhaps  hereditary,  • -has  not  yet  been  indisputably  determined.  Although  some 
authors  write' that  in  tho  history  of  the  dust-lung  patients  statements  are 
found  frequently  regarding  recovery  from- lung  disea.ses ,  von  f'ohren- could  not 
confirm  this  observation  by  his  material.  Regarding  the  relations  between 
tuberculosis  and  pneumoconiosis,  he  found  that  am^ong  217  dust  lungs,  6.91  per 
cent  were  associated  with  tuberculosis.  'Ihe  foil ov/ing  figures  are  given  re¬ 
garding  the  frequency  of  pneum^oconiosis  among  roc.ic-drillers  in  the  Rheinisch- 
Westphalic  coal  district:  Am.ong  11,427  miners  of  all  occupations,  3.12  per 
cent  were  found  to  have  pneum.oconiosis,  24.4  per  cent  of  the  cases  being 
associated  with  tuberculosis.  The  pneumocotic  changes  were  determined  among 
rock-drillers  only,  and  not  among  purely  coal-drillers,  timbercutters ,  or 
truckers.  .Among  1,000  drillers  who  had  woriced  previously  in  rocic,  217  had 
dust  lungs,  or,  21.7  per  cent. 

According  to  von  Dohren,  the  time  required  for  the  development  of 
pneum.ocotic  changes  is  extremely  varied.  Observations  of  entirely  isolated 
cases,  in  which  after  three  to  four  years  ‘severe  changes  with  or  without 
tuberculosis  v/ere  noticeable,  show  that  very  few  become  ill  during  the  first 
five  years.  Vvith  increasing  length  of  working  time,  however,  the  percentage 
goes  up  by  leaps  and  bounds. 

According  to  Sternberg^^  there  is  still  a  wide  gulf  between  the  find¬ 
ings  of  industrial'  dust  lung  and  the  results  of  animal  experiments.  Ko  one 
has  yet  been  able  to  produce  by  anim.al  experimientation  such  a  fibrosis  as  that 
shown  by  a  rock-driller's  longs.  He  advances  the  following-  theories  to  ex¬ 
plain  this  variation: 

The  anatomical-p'hysical  difference  between  human  lungs  and 
animal  lungs,  which  began  as  a  result  of  the  upright  posture. 

20  von  Dohren,  Zur  Kli’nik  der  Staublunge:  ±-eihefte  Zentralb.  Gewerbeh. 

UrJ'allverhutung,  Ho.  15,  1929,  146  pp.  .  , 

21  Sternberg,  M. ,  Die  Staublunge:  Med.  kiin. ,  vol.  25,  No.  50,  December, 

1929,  pp.  1919-1922. 
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The  fibro.js  d-'jst  lijjng  of  human  beings  requires  several  years,  ' 
even  ten  years,  for  development,  a  similar  period  of  time  is  not 
possible  in  animal  experiments  due  to  the  shorter  life  span  of  ex¬ 
perimental  animals. 

Schridde  has  found  the  structure  of  the  rocK-driller ' s  nodules 
to  be  identical  with  the  iceloid  of  the  membranes  and  is  of  the  opinion 
that  a  special  predisposition  is  necessary  for  the  genesis  of  lung 
keloid. 

Ihe  bacterial  theory  assumes  that  the  genesis  of  a  genuine 
fibrosis  depends  upon  the  assistance  of  bacterial  infection  of  the 
l\mgs  in  addition  to  the  action  of  the  dust.  I'his  pushes  to  the  fore 
the  question  of  dust  tuberculosis,  which  is  the  most  frequent  and  the 
most  usual  bacterial  infection  of  the  Ixings. 

It  is  certain  that  there  are  cases  of  silicosis  and  indurative 
anthracosis,  even  with  cavity  formation,  in  which  the  most  careful 
microscopic  exaffjination  reveals  not  a  trace  of  tuberculosis.  Genuine 
lung  fibrosis  can  develop  in  people  without  tuberculosis.  However, 
there  are  regions  and  occupations  in  which  practically  all  v/orkers  in 
dust  who  have  lung  fibrosis  at -the  same  time  are  tuberculous. 

Grunewald^^  believes  that  the  worker  in  the  dust -producing  industries 
seldom  pays  any  attention  to  the  first  results  of  the  action  of  dust  but  be¬ 
lieves  the  slight  cough,  snee?;e,  and  catarrh  as  necessary  evils  of  his 
occupation  or  as  inherited  weaknesses  of  his  family.  Ihus  frequently  from 
simple  catarrh  of  the  nose  or  throat  come  deep-seated  changes  of  the  lungs, 
such  as  sv/elling,  chronic  inflammation,  induration,  and  phthisis.  Gr-onewald 
states  that  the  significance  of  dry  dust  for  the  origin  of  an  infectious  dis¬ 
ease,  as  for  example  tuberculosis,  is  really  not  that  of  the  ini'ection 
carrier  but  of  a  physical  and  chemically  active  preparatory  irritation  for 
retaining  the  tuberculous  infection.  In  regard  to  coal-dust  he  thinj^s  that 

Of  all  dust  diseases  of  the  lungs,  anthracosis  is  the  least  injurious, 
although  at  times,  as  a  result  of  longer  action  of  the  coal  dust,  lung 
and  air  passages  are  distended,  a  special  tendency  of  the  miner's 
lungs  tov/ard  tuberculosis  is  certainly  to  be  denied.  However,  if  the 
coal  dust  has 'been  absorbed  before  breathing  tubercle  bacilli  it  is  as 
dangerous  as  any  other  dust  that  contains  tubercle ’ bacilli. 

Grunewald  calls  attention  to  the  order  of  the  Labor  Minister  of 
February  11,  1929,  making  compensable  dust-lung  diseases  contracted  in  cer¬ 
tain  industries,  although  the  order  of  May  12,  1925,  did  not  include  illness 
caused  by  dust. 

22  Grunewald,  Max,  Die  Berucksichtigung  der  Krankheiten  der  Atmungsorgane 
durch  Staub  und  Gas  bei  der  Ausdehnung  der  Unf allversicherung  auf 
Gewerbliche  Beruf skrankheiten:  Die  Gasmaske,  vol.  1,  No.  6,  December, 
1929,  pp.  145-148. 
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Rusgia.-  Investigations  on  various  phases  of  the -dust  hazard  wer;e  con¬ 
ducted  hy  the  State  Institute  for  Occupational  Pathology,  and  Indus tria,l  Hygiene 
of  Ukraine. Studies^*^  on  the  relation  between  pneipoconlosis  and 
tuberculosis  consisted  .in  experiments  on  animals,  clinical  examination  of  the 
personnel  ,  of  the  State  Porcelain  and  Faience  Factory.,  and  a  statistical  study 
of  mortality  from  tuberculosis  of  these  workers  during  a  12-year  period.  'Ihe 
experimental  study  consisted  in  determining  the  effect  .ol;  ..injections  of 
colloidal  solutions  of  Si02  under  -the  skin  of  rabbits  injected  with  ,  , 
tuberculosis  and  those  not  so  infected^  and  dus ting.. the  , animals  with  faience 
dust  in  order  to  determine  the  local  action  on  the,  tissues.;  Comparison  of  the 
data  obtained  on  the  experimental  animals  with  that  on  the  controls  showed  that 
Si02  promoted  the  growth  of  the  fibroblastic  element  so  that  in  a  series  of 
cases  tuberculous  foci  were 'incapsulated;  the  ;tube,rculous  process,  however, 
progressed  and  showed  no  .tendency  to  phange  a  malignant  course  into  a  mild  one. 
Similarly  a  causal  connection  between  fibrosis  of  the  lungs  and  the  presence 
of  a  very  marked  destructive  process  was  not  determined-.  The  clinical  examina¬ 
tion  of  the  factory  workefs  shov/ed  that -the  percentage  of  silicosis  and 
tuberculosis  was  very  high  but  the  form  of  compensated  tuberculosis  predominated 
and  only  at  a  certain  age  (45  to  50  years)  after  a  long  period  of  work  (15  to 
20  years)  did  a  " secondary 'wave"  of  exacerbation  of  the  tuberculous  process 
occur.  This  ' secondary  exacerbation  is  explained  by  the  author  as  due  to  the 
presence  by  this  time  of  too  much  connective  tissue  in  the  lungs,  which  leads 
to  vascular  injury. 

I . 

Studies  carried  out  to  determine  :the  parthological  effects^^  of  sand, 
flint  (silicon),  porcelain,  chamotte,  anthracite ,  coke ,  charcoal  gypsum,  and 
m.arble  dust  gave  the  following  results:  Porpelain-dust ,  was  easily  hydrolized 
and,  when  introduced  into  the  animal  organism  caused  local  necrotic  lesions 
and  toxic  effect  of  the  internal  organs;  with  rabbits  infected  with  tubercu¬ 
losis  the  tuberculous  process  was  localized  in  the  region, of  "dust  foci"  which 
referred  back  to  the  necrotic  action  of  this  dust  on  the  tissues;  crystalline 
kinds  of  silicate  dust  (flint,  sand)  were  not  hydrolized;  schamotte  stood  be¬ 
tween  porcelain-dust  and  flint  and  sand  as  far  as  its  hydrolytic  properties 
were  Concerned;  coal-dust  was  not  soluble  in  the , organism;  tissue  reaction 
with  dusts  proceeded  with  definite  activity  of  the  machrophages;  with  infected, 
animals  no  localization  of  tuberculous  infection  took  place  around  the  "foci" 
with  coal-dust.  Charcoal-dust  showed  no  noticeable  picture  of  solubility  and 
tissue  reaction;  marble  and  gypsum  dusts  are  hydrolyzed  in  the  organism,  and 
tuberculous  lesions  can  be  determined  around  the  foci  of  these  dusts, 

23  Staub  und  Staubpathologie ;  .^beiten  und  Material ien  des  Ukrainischen 

Staatsinstituts  fur  Arbeitspathologie  und  Arbeitshygiene,  Kharkov,  " 
Russia,  1930,  292  pp.  -  j  ■ 

24  Sheinin,  M. ,  Die  Silicose  und  Tuberkulose  im  Lichte  der  klinischen  und 

experimentellen  Untersuchungen;  (German  summary  of  Russian^ report) 
Arbeiten  und  Materialien  des  Ukrainischen  Staatsinstituts  fur 
.  Arbeitspathologie  und  Arbeitshygiene,  Kharkov,  Russia,  1930,  292  pp. 

25  Peissachovitsch,  I.  M. ,  Pathologie  des  Staubes:  Arbeiten  und  Materialien 

des  Urkainischen  Staatsinstituts  fur  Arbeitspathologie  und 
Arbeitshygiene,  Kharkov,  Russia,  1930,  292  pp. 
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South  iifrica.-  According  to  the  report  ‘of  the  Miner  s' 'Phthisis  Medical 
Bureau, 424  of  the  15,492  working  miners  examined  during-  the  year  1928-1929 
.had  simple  silicosis.  Of  these  424  cases,  154  were  " old"  cases-  of  silicosis , 
made  up  of  miners  who  had  previously  been  certified  as  having  simple  silicosis, 
but  who  had  not  .retired  from  undergroimd  work.  Of  these,  106  were  in  the 
ante-primary,  57  in  the  primary,  and  1  in  the  secondary  stage  of  the  disease; 
112  were  mine  officials.  'Ihe  remaining  270  cases  were  "new"  cases  of 
..silicosis  which  had  originated  during  the  year.  During  the  year  five  new  cases 
of  tuberculosis  with  silicosis  wera  found  among  the  15,492  working  miners  ex¬ 
amined.  All  these  cases  occurred  among  uhretired  miners  who  had  previously 
•  ,  been  notified  as  having  simple  silicosis.  IFot  one  was"  a  "new  Rand  miner"  and 
..none  had  at  any  time  passed  the  initial' ’examination  of  the  -bureau.  Two  were 
"old  Rand  miners,"  one  with  8' years  and  11  months'  and  the ^  second  with  12  years 
and  6  months'  underground  service;  neither  had  w'orked  machine  drills. i  'Three 
belonged  to  the  class  "miners,  Rand  and  elsewhere,"  'Their,  average  period  of 
work  in  scheduled  mines  was  14  years'  and  9  months,  with  7  years  and  2  months 
elsewhere.  Two  had  done  some  machine  work  but  neither  had  been  exclusively  so 
engaged.  Forty-four  of  the  15,492  miners  examined  were -.found  to  be  suffering 
from"  simple  tuberculosis."  Fo\ir  of -the  Cases,  two:  in  the  "open"  and  two  in 
the  "closed"  form,  were  among  the  "new  Rand  miners."  The  mean 'duration^ of 
underground  service  for  this  class  prior  'to  the  contraction  .of  ituberculosis 
Was  6  years  arid  2  modths;  35  of  the  cases,  29  "open"  and  6  "closed,"  were 
among  the  "old  Rand  rndners."  'The  mean  duration  of  the  .underground  wp.rk  of  the 


35  cases  was  12  years..  Five  cases  of  "open"  tuberculosis  were  found  among 


those  classes  as'"miners;-  Hand  and  elsev/here.'"  '  The,  mean  duration  of  under¬ 
ground  work  in  these  cases  was  11  years  and  9-  months  in  scheduled  mines  with 
10  years  and  9^  months'  underground  work  elsewhere.,  ,  Four  had  worked  on  machine 
drills^but  none  hiad  been"  exclusively  so  engaged.  '  .  . 


According  to  the  report,  detailed  data  regarding  the  subsequent 
,  history  of  each  annual  group  of  the  new  cases  of  tuberculosis  with  silicosis 
and  of  simple  tuberculosis  detected  "at  the  periodical  examinations  since  1917- 
1918,  show  plainly  that  the  liability  to  death  bears  a  direct  relation  to  the 
relative  prominence  of  the  tuberculous  factor  in  each  class  of  case.  It  is 
least  in  the  group  of  originally  "ante-primary"  cases  of  simple  silicosis; 
somewhat  higher  in  the  group  of  originally  "primar.y"  stage  cases;  higher  again 
in  the  cases  of  "closed"  tuberculosis  -  usually  of  the  chronic  fibroid  type  - 
T/liich  form  a  1  ink  between'  the  cases  of  originally  uncomplicated  silicosis  and 
the  £wo  classes  in  which  an  active  tuberculosis  is  present  from  the  outset. 

The  two  latter  exhibit  the  highest  mortality ,.  and  an  early  conjunction  of  the 
obvio.us  active  tuberculosis  with  silicosis  produces  a  condition  that  is  more 
rapidly  fatal  than  an  active  simule  tuberculosis  alone.  The  association  of  an 


.infective  factor,  and  particularly  of  tuberc\ilous  infection,  -with  the 


progressive  tendenc.y  manifest  in  most 
repeatedly  emphasized  in  these  report 


bases  even  of  simple  silicosis  has  been 


26  Irvine,  Louis  G. Report  upon  the  TiVork  of  the  Miners'  Phthisis  Medical 

Bureau  for  the  Year  Ended  July  31,  1929:-  Government  Printer,  Pretoria, 
South  Africa,  1930,  64  pp. 
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In  regard  to  the  position  toda}'’  of  miners’  phthisis  on  the  Witwatersrand, 
Irvine  and  Mavrogoraato^”^  have  the  following  to  sa.y: 

Althoijgh  one  is  justified  in  concluding  that  we  have  turned  a 
big  corner  in  the  matter  of  silicosis,  it  is  not  anticipated  that  the 
actual  n\mnber  of  cases  detected  rill  shov7  any  significant  further  de¬ 
crease  in  the  immediate  fut\are.  For,  although  the  "New  Rand  Miners," 
with  their  relatively  lower  attack-rates,  are  becoming  m.ore  numerous* 
and  the  older  miners  fewer,  neveitheless ,  the  . older  miners  \yho  remain  - 
and  there  are  still  over  .5,000  of  them  -  are  every  year  getting  older' 
in  years  of  service,  and , theref ore  more  liable  to  contract  silicosis. 

The  one  factor  will ‘probably  for  some  tim.e  balance  the 'other,  and  one 
does  not  therefore  anticipate  much,  if  any,  actual  decrease  in  the 
number  of  cases  that  will  ar5.se  for  a  good  many  years  to  come, 

.  That  is  the  position  toda.y.  after  years  of  hard  work  on  the 
part  of  mining  engineers  and  inspectors  and  mune  officials  and  medical 
men,  a  large- measure  of  success  has  been  attained,.  Rut  it  is  incom¬ 
plete.  It  is  satisfactory  so  far,  but  it 'is  also  disappoint iiig.  When 
in  1916  we  found  that  the  liberal  use  of  water, 'suitably  applied, 
wo-iold  reduce  •  the  dust  from  drill ing  or  blasbii^o  .by  97.  or  98  per  cent 
by  weight,  the  problem.. appeared  to'have  been  solved.  It  has  Only  been 
solved  so  far.  The  trouble,  is  that,  ..although  water  will  tame  one  a 
large  part  of  the  v;ay,  ~  it  will .  not  take  ’  one  all,  the  T/ay.  It  has  its 
limitations,  and  it  has. also  positive. disadvantages,  both  hygienic 
and  economic.  Kence- the  minds  of, engineers  and  medical  men  are  t-urn- 
ing  today  to  the  question:  Have  we  not  been  over-doing  water?  Could 
w'e  not  do  better  with  less- water  and  a  greater  extension  of  alternative 
methods?  , 

The  matter  of  compensation  fo'r  miners^  phthisis  is  causing-  considerable 
concern  to  the  industry  in  South  Africa,  as  indicatea  by’^’the  following  state- 
'ments  from  the  South  iifrican  Mining  and  Engineering.  Jcurnal:^® 

The  outstanding  liabilities  of  the  mines  of  the  group  to  the 
Miners'  Phthisis  board  at  Slst  Jply,  1929,  amounted  to  L3, 150, 746,  as 
compared  with  L3, 072,439  the  year  before,  iill  mines  that  are  in  a 
position  to  do  so  are  setting  aside  funds  ann-uall.y,  so  that  the  whole 
amount  of  their  respective  liabilities  will  have  been  provided  during 
the  co-urse  of  their  industrial  lives.  **♦♦♦*•*:*♦♦♦ 

.  In  addition  to  the  above',  the  amounts  cc.ntributed  out  of  work¬ 

ing  costs  by  the  companies  of  the  Group  to  the  compensation  fund  of 
the  Phthisis  Bonxd  aznounted  in  1929  tp  L385,729,  equal  to  4s.  8d.  per 
■  -underground  shift.  If  t'ne  amo’unts  provided  during  the  year  to  meet 
the  outstanding  liabilities  are  added  to  the  contributions  to  the  com¬ 
pensation  fund,  the  total  cost  to  the  mines  of  the  Group  on  account  of 
miners’  phthisis,  represents  the  eouivalent  of  6s.  lOd.  per  shift  for 
each  white  employee  working  underground. 

27  Irvine,  L.  G. ,  and  Mavrogordato,  A.,  Miners’  Phthisis  on  the  Witwatersrand: 

South  African  Min.  and  Eng.  Jour.,  April,  1930,  p.  73.- 

28^  •  South  African  Mining  and  Engineering  Journal.  "The  Cost  of  Miners’  Phthisis: 

'  May  10,  1930,  page  283. 

South  African  Mining  and  Engineering  Journal,  Miners*  Phthisis  Legislation: 
August  2,  1930,  p7  650. 
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■Phe  report  of  the  latest  Miners'  Phthisis  Coirmission  is  now 
due  and  the  morrent  may  he  opportune  to  review  the  attitude  of  the 
mining  industry  toward  this  much-dehated  subject.  'That  attitude  has 
been  very  clearlv  explained  by  the  industry  in  the  evidence  given  on 
'its  behalf  before  the  Commission.  On  behalf  of  the  industry  it  was 
admitted  that  there  should  be  permanent  and  lasting  legislation  on 
this  contentious  subject;  but  it  was  emphasized  that  to  frame  such 
legislation  on  retrospective  lines  and  to  provide  for  so-called 
"hard  cases"  is  bound  to  produce  unsatisfactory  results.  There  are 
at  present  35  schedules  mines  which  are  liable  to  contribute  to  the 
annual  levy  of  L800,000  and  provide  for  the  net  outstanding  liability 
of  t6’, 400,000.  Several  of  these  mines  have,  as  yet,  not  been  in  a 
position  to  set  aside  annually  against  their  outstanding  liability 
to  the  Compensation  Fund.  Although  two  mines  closed  down  during  the 
year  1929,  the  Board  has  maintained  the  annual  levy  at  L800,000, 
owing  to  the  large  outstanding  liabilities  of  the  Compensation  Fund; 
so  that  these  contributions  have  fallen  with  cumulative  effect  upon 
the  other  scheduled  mines.  ********>i^ 


If  additional  benefits  for  miners'  phthisis  sufferers  and 
their  dependents,  are  recommended,  such  additional  benefits  should 
be  borne  by  the  State;  in  fact,  it  is  urged  by  the  gold  producers 
that  it  would  even  be  in  the  interests  of  the  State  at  the  present 
time  to  assist  the  gold  mining  industry  in  meeting  some  of  its 
obligations  under  existing  legislation.  . 


Owing  to  the  great  amount  of  attention  which  has  been  given 
to  miners'  phthisis  and  the  generaous  scales  of  compensation  provided, 
there  is  evidence  of  the  growth  of  an  idea  among  a  section  of  mine 
workers  that  after  they  have  worked  a  certain  number  of  years  under¬ 
ground,  they  should  be  provided  with  a  pension  for  life,  whether  they 
be  sick  or  sound.  This  is,  of  course,  a  sorry  state  of  affairs  in 
view  of  the  strenuous  and  successful  efforts  made  to  improve  condi¬ 
tions  and  the  huge  present  outstanding  liabilities  placed  upon  the 
mines.  It  suggests  the  idea  that  a  gold-mine  is  a  bottomless  purse 
and  that  one  has  only  to  ask  in  order  to  get.  This  attitude,  one 
hopes,  for  the  satce  of  the  co\intry  as  well  as  of  the  industry,  will 
not  be  allowed  to  develop. 


In  August,  1930,  an  international  conference  on  silicosis  was  held  at 
Johannesburg,  South  Africa,  which  was  attended  by  representatives  of  the  * 
principal  countries  interested  in  this  industrial  disease.  According  to  a 
summary  of  the  results  of  the  conference  by  Hall^^  no  material  addition  was 
made  to  pre-existing  knowledge  but  it  served  a  useful  purpose  in  many  ways. 


29  United  States  Department  of  Labor,  Proceedings  of  the  Sixteenth  Annual 

Meeting  of  the  International  Association  of  Industrial  Accident  Boards 
and  Commissions:  Bureau  of  Labor  Statistics  Bulletin  511,  April,  1930, 
pp.  40-47, -  ■  • ■  .  ■ ' . 
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For  instance,  "by  collecting  together  all  the  available  information  about  dust 
diseases  from  all  parts  of  the  world,  it  has  shown  not  only  the  number  but 
also  the  position  of  the  gaps  in  our  icnowledge  of  the  subject,  and  so  has 
given  valuable  indications  for  future  lines  of  research.  It  has  enabled  cer¬ 
tain  standards  to  be  agreed  upon,  by  which  future  woric  on  this  subject  may  be 
comparable  in  whatever  country  or  industry  it  is  carried  on.  Finally,  it  has 
emphasized  the  urgent  necessity  for  further  experimental  investigations  into 
almost  every  aspect  of  the  problem. 

United  States.-  In  April,  1929,  a  comm.ittee  was  appointed  by  the 
industrial  commissioner,  of  New  York  to  draft,  for  recommendation  to  the 
industrial  board,  rules  relating  to  the  regulation  of  rocjc  drilling,  sand 
blasting,  and  rock  crushing.  A  report  of  this  committee  was  made  by  Lanza^^ 
at  the  session  on  oc'cuoatidnal  diseases  of  the  Sixteenth  Annual  Meeting  of  the 
International  Association  of  Industrial  Accident  hoards  and  Commissions, 

B-offalo,  New  York,  October  8-11,  1929.  It  had  been  thought  that  the  problem 
was  that  of  the  application  of  water  to  rock  drilling,  but  time  shewed  that 
this  was  not  the  solution  as  the  fine  dust  particles  came  up  through  the  water 
and  got  into  the  atmosphere  just  the  same  and  caused  silicosis  as  they  had 
previously.  In  Manhattan  it  was  obvious  that  on  many  of  the  operations  -  founda¬ 
tion  work,  tunneling,  and  subway  work  -  especially  in  the  v/intertime  water 
could  not  be  used  because  it,  would  form  into  ice  and  probably  increase  very 
considerably  the  accident  hazard.  Therefore,  the  State  department  of  labor 
concentrated  its  attention  on  developing  some  other  m.ethod  of  dealing  with 
the  dust  problem.  In  its  efforts,  the  department  was  assisted  by  the  con¬ 
tractors,  who  tried  to  evolve  some  sort  of  a  suction  apparatus  that  would  take 
the  dust  away  as  rapidly  as  it  was  formed  at  the  drill  hole.  However,  this 
plan  proved  to  be  not  only  difficult  but  relatively  quite  expensive  to 
execute.  Such  a  device  was  tesi-ed  in  actual  operation  at  a  subway  tunnel 
construction.  First,  before  any  work  was  done  the  air  was  samp'J  ed  to 
determine  the  normal  dust  content  of  the  air  at  that  place,  which  was  fo\ind  to 
be  slightly  more  than  23,000  particles  per  cubic  foot  -  that  is,  particles 
under  10  microns  in  size.  Four  jack  hammers  were  then  put  in  operation  with 
the  dust  collecting  device  working,  and  the  count  jumped  from  2r>,;0C0to  114,000 
particles  per  cubic  foot.  'The  dixst-suction  apparatus  was  then  removed  and 
the  count  jumped  from  114,000  to  423,900,000  per  cubic  foot.  This  was  very 
encouraging,  as  the  United  States  Public  Health  Service ‘has  adopted  as  a 
permissible  limit .10, COO, OOp  particles  under  10  microns  per  cubic  foow.  Al¬ 
though  it  can  not  b«'3  said  that  the  problem  has  been  solved,  Lanca  sta‘‘'.ed  they 
considered  the  most  h;.pefpl,  the  most  promising  experiment  yet  made.  Turing 
the  discussion  of  Lama's  report,  the  Question  was  asked  as  to  the  tj;;,c  re¬ 
quired  to  develop  s;.'i  Icosis  after  exposure  to  silicate  dust.  He  rep':i.ed  that 
a  man  working  steadily  in  silica-dust  running  99  psr  cent  plus  of  si:  :.ca  will 
be  seriously  and  usually  permanently  damaged  at  the  end  of  five  or  sj.n  years; 
if  in  silica  dust  containing  70,  65,  or  60  per  cent  silicate,  with  perhaps 
little  better  working  conditions  -  and  that  is  about  the  average  in  this 
country,  with  one  or  two  notable  exceptions  -  the  time  required  will  run  to 
10  to  15  years.  It  is  a  slowly  developing  disease  and  under  most  working  con¬ 
ditions  in  this  country  it  is  a  matter  of  10  to  12,  14  or  15  years  before  a 
man  is  aware,  providing  he  has  not  been  medically  supervised,  that  he  is 
thoroughly  damaged. _ 

29a  See  footnote  29. 
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It  was  also  brought  out  in  the  above 'discussion  that  in  Ontario,  Canada, 
the  law  provides  that  a  man  must  have  been  exposed  for  five  years  in  one  of  the 
Ontario  mines  before  .he  becomes  entitled  to  the  'silicosis  provision.  Every  man 
is  examined  before  he  is  allowed  to  go  to  woric,  and  if  he  has  had  experience  in 
working  in  silica  dust  and  has  silica  on  his  lungs,  he  is  refused  employment. 

No  man  with  a  suspiciion  of  silicosis  is  allowed  to  go  into  the  mines  of  Ontario. 

,  -f 

The  work  of  the  U.  S.  Bureau  of  Mines  Clinic,  carried  on  at  Picher, 

Okla. ,  in  cooperation  with  the  Tri-3tate  Zinc  and  Lead  Orb  Producers 
Association  and  the  Metropolitan  Life  Insurance  Co:]  was  continued  during  the  ■■ 
fiscal  year  1929-30.  During  this  period,  7,469  men  were  examined,  of  which 
number  3-, 002  were  original  (first  annual),  examinations,  and  4,457  were  re¬ 
examinations  (second  or  third  annual).  There  was  a  slight  reduction  in  the 
number  of  men  examined  compared  with  the  number  examined  last  year,  due  to  the 
financial  depression  existing  in  the  district,  a  complete'  tabulation  of  the 
ph.ysical  condition  of  those  examined  is  being  prepared  for  possible  publication. 

An  interesting  development  in  connection  with  the  investigation  con¬ 
ducted  at  Picher  was  the  discovery  by  X-ray  examination  of  ,a  miliary  lung  dis¬ 
ease  of  unlcnov/n  origin^^  in  125  of  the  18,285  individuals  examined  up  to  , r 
December  31,  '1929.  With  one  exception,  these  were '"all  white,  native Americans, 
the  ma.jority  of  whom  were  born  .and  reared  in  the  vicinity  of  the  mining  field. 
Most  of  them  came  from  rural  districts  or  hdd  spent -several < summers  in  the 
harvest  fields,  a  majority  of  these  cases  did  not  have  sufficient  symptoms  to 
cause  them  to  stop  work  or  to  seek  medical  aid.  Many  of  them  were  m.en  seeking 
employment  or  v/ho  had  been  employed ‘  underground  for  only  a  short  time  at  most; 
and,  apparently,  mining  worK;  could  not  have  caused  the  condition  found.  In 
attempting  to  make  a  diagnosis,  foui’  diseases  -  miliary  tuberculosis, 
pneumoconiosis,  calcium  metastasis,  and  pneumomycosis  -  were  considered  as 
probable  causes  of  the  condition.  However,  the  investigation  at  Picher,  as 
well,  as  a  search  of  the  literature,  failed  to  reveal  sufficient  knowledge  of 
this  malady  to  warrant  a  statement  that  the  cases  under  discussion  come  under 
one  of  the  four  pro.bable  diseases  mentioned,  but  there,  is  enough  evidence  to 
conclude  that  the  disease  is  more  prevalent  than  thought  and  for  this  reason 
is  worthy  of  serious  study. 

Another  dust  disease,  asbestosis,  has  assumed  a  prominent  and  perhaps 
peculiar  interest  in  the  field  of  pneumoconiosis  and  occupational  disease.^^ 
Although  the  asbestos  industry  is  more  than  2,000  years  old,  it  is  only  within 
the  last  few  years  that  it  has  become  so  important.  Until  recently  asbestosis 
was  assumed  to  be  essentially  silicosis,  and  the  free  silica  has  been  thought 
to  constitute  the  dangerous  factor.  ,  However, 'according' to  Lynch  and  Smith, 

30  Sayers,  R.  R. ,  and  Meriwether,  F.  V. ,  Miliary' Lung  Disease  Due  to  Unknown. 

Cause:  Public  Health  reports,  vol.  45,  No.  49,  December  5,  1930, 
pp.  2994-3009.  ’  .  .>  •  ‘  ^ 

31  Lynch,  K.  M.  ,  and  Smith,  W.  A.  ,.  Asbestosis  Bodies  in-  Sputum  and  Lung: 

Jour.  Am.  Med.  assoc.,  vol.  95,  No'.  9,  August  30,  1930, ■  659-661. 

32  Ibid.  -■ 
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attention  has  "been  called  v/ithin  the  last  tv/o  or  three  years  to  a  peculiar 
characteristic  of  ashestosis,  rot,  found  in  silicosis,  and  on  which  they  re¬ 
ported  data,  as  itaierican  medicine  had  thus  far  had  no  report  on  this  peculiar 
condition.  As  mentioned  above, ^3  an  investigation  was  conducted  'in  England 
prior  to  which  (February, ,  1928)  definite  Joiowledge  existed  of  only  two  deaths 
of  asbestos  workers  about  whom  there  was,  expert  opinion  that  the  inhalation  of 
asbostos-dust  had  at  least  contributed  to,  if  not  caused,  .the  fatal  outcome. 

■Phe  second  of  these  cases,  reported  by  Cooke, 25  in  1924,  v/as  that  of  an  asbestos 
woricer  w'ho  had  been  exposed  f.or  20  years,  the  last  5  years  intermittently,  and 
who  on  autopsy  showed  extensive  fibrosis  of  the  lungs  and  chronic  tuberculosis. 

A  histologic  study  by  McLor.aldSo  of  tne  liung  tissue  of  this  case  showed  in 
addition  certain  peculiar  foreign  bodiee  in  the  alveoli,  bronchioles,  and 
interstitial  fibrotic. areas.  Phis  is  the  first  recorded  observation  of  these 
objects  which  since  have  been  called  "ashestosis  bodies."  In  October,  1929, 
Lynch  and  Smith^"^  found  these- bodies  in  two  negroes  coming  to  autopsy,  one  of 
whom  had  died  of  a  gunshot  wound  and  the  other  of  lobar  pneumonia.  One  of  the 
men  had  worked  in  an  asbestos  mill  for  a  total-of  28  months  during  a  period  of 
about  three  years.  The  other  had  been  working  in  an  asbestos  mill  almost  con¬ 
tinuously  for  four  and  a  half  years.  It  then  occurred • to 'Lynch  and  Smith  that 
these  "bodies"  should  be  found  in  the  spiltum  of  nsbedtos  w'orkers.  ■  The 
"ashestosis  bodies"  w^ere  found  in  the  sputum  of  three  6f  four  patients  who  had 
been  or  were  working  in  asbestos,  'rue  case  in  which  no  "ashestosis  bodies" 
were  found  had  worked  for  i4''years  in  ah  asbestos  factory  but  not  since  1926. 

He  had  advanced  fibrosis  of  the  lungs,  thought  to  be  a  late  stage  of 
pneumoconiosis,  without  evidence  of  tuberculosis.  The  relation  of  the 
occurrence  and  time  of  duration  of  these  bodies  in  the  sputum  to  the  extent  of 
exposure  to  asbestos  dust,  arid  to  the  state  or  stage  of  ashestosis  or  other 
associated  conditions  in  relation  to  their  exoulsion  in  the  sputum  should  be 
given  further  study  in  the  opinion  of  Lynch  and  Smith.  Meriwethei"^®  considers 
the  following  four  conditions  essential  for  establishing  a  relationship  be- 
tvveen  the  inhalation  of  asbestos-dust  and  the  development  of  fibrosis: 

1.  Work  involving  exposure  to  asbestos  dust.  i  .  ■ 

2.  The  existence,  demonstrable  clinically  and  radiol'ogically, 

of  a  definite  p-ulmonary  fibrosis. 

'  .  .  '  •  r  : 

•  '  f  '  ’  *  ■ 

3.  'The  absence  of  previous  or  present  infections  known  to 
cause  pulmonary  fibrosis  -  e.g. ,  tuberculosis,  influenza, 

or  pneumonia.  •  • 

4.  The  absence  of  previous  or  present  work  involving  exposure 
to  other  dusts,  which  might  caus-s  pulmonary  fibrosis,. 

33  See  footnote  12. 

34  Merewether,  E.  H,  A.  ,  The  Occu’rence  of  Pulmonary  Fibrosis  and  Other 

Pulmonary  Affections  in  Asbestos  Workers,  The  Jour,  of  Indust.  Hyg. , 
vol.  12,  Ito.  5,  May,  1930,  p.  198-222.' 

35  See  footnote  31. 

36  Ibid. 

37  Ibid. 

38  See  footnote  34. 
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Soper,  in  describing  a  case  of  asbestosis, is  of  the  opinion  that  the 
condition  is  more  widespread  than  at  present  suspected  and  that  just  as  certain 
other  dusts  took  their  toll  over  a  long  period  before  the  true  facts  were 
realized,  so  asbestos-dust  to  a  lesser  degree  appears  to  be  talcing  its  toll 
without  sufficient  recognition  of  the  fact.  He  ma^iies  the  following  statements 
in  regard  to  the  disease: 

1-  A  case  is  reported  which  seems  to  be  typical  of 
p-ulmonary  asbestosis. 

2.  When  fiiere  has  been  exposure  to  asbestos  dust  the  presence 
of  pulmonary  asbestosis  should  alv;ays  be  suspected. 

3.  The  most  common  single  symptom  is  dyspnoea.  ITiis  and  the 
other  symptoms  are  essentially  those  of  a  progressive 
generalized  lung  fibrosis. 

4.  The  physical  signs  of  uncomplicated  pulmonary  asbestosis 
are  substantially  those  of  generalized  fibrosis  of  both 
lungs  and  basal  pleurisy. 

5.  X-ray  examination  is  of  great  value  in  establishing  the 
diagnosis. 

6.  Asbestos  contains  but  a  very  small  amount  of  free  silica 
but  probably  conduces  to  a  more  hasty  evolution  of  any 
accompanying  tuberculosis,  as  in  the  better  understood 
forms  of  silicosis. 

7.  An  immediate  diagnosis  at  autopsy  is  said  to  be  made 
possible  by  simply  saueezing  out  upon  a  slide  a  drop  of 
lung  juice  from  the  fibrosed  tissue  and  covering  with  a 
cover-glass.  The  asbestosis  bodies  in  large  number  are 
readily  visible  under  the  microscope. 

Hatch,  Drinker,  and  Choate^O  made  a  study  to  determine  the  fundamental 
engineering  principles  involved  in  the  design  of  efficient  dust-control  system.s 
for  use  with  high-speed  pneumatic  stone-cutting  tools.  They  summarize  the  re¬ 
sults  of  their  laboratory  s^vidy  as  follov^rs: 


39  Soper,  VV.  B.  ,  Pulmonary  Asbestosis;  The  iimerican  Review  of  Tuberculosis, 

vol.  22,  No.  6,  December,  1930,  pp.  571-583. 

40  Hatch,  T. ,  Drinker,  P. ,  and  Choate,  Sarah  P. ,  Control  of  the  Silicosis 

Hazard  in  the  Hard  Rock  Industries.  I.  A  Laborartory  Study  of  the 
Design  of  Dust  Control  Systems  for  Use  with  Pneumatic  Granite  Cutting 
Tools;  Jour.  Indust,  Hygiene,  vol.  12,  No.  3,  March,  1930,  pp.  75-91. 
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Of  the  available  methods  of  dust  control,’  the  application  of 
local  exhaust  ventilation  appeared  to  be  the  most  promising,  a  study 
of  the  various  granite  cutting  processes  showed  that  the  surfacing 
machine  and  the  pneumatic  hand  tool  alone  needed  investigation,  since 
they  along  produced  amounts  of  dust  in  excess  of  the  standard.  The 
heaviest  dust  producing  tool,  the  four-point,’  was  used  throughout  the 
study.  '  •  •  . 

Four  different  hood  shapes  for  use  with  the  pneumatic  hand 
tool  were  tested  and  the  minimum  air  velocity  required  at  the  tool 
to  Keep  the  dust  concentration  at  ten  million  particles  was 
determined.  When  the  hoods  were  operated  at- the  minimum  rates  of 
air  flow,  the  velocity  at  the  tool  was  fouind  to  be  200  feet  per 
minute,  regardless  of  the  size,  shape,  and  position  of  the  hood  and 
the  air  flow  through  it.  This  value,  therefore,  may  be  regarded  as 
a  fundamental  specification  for  hood  design  under  laboratory  condi¬ 
tions.  For  the  field,  it  may  have  to  be  altered  somewhat. 

■fhe  hood  shape  finally  adopted  for  use  w’ith  the  surfacing 
machine  encloses  the  process  as  completely  as  possible.  Physical 
barriers  arrest  the  dust  throv/n  away  from  the  hood  and  high  air 
velocities  are  created  at  strategic  points  without  increasing  the 
total  air  flow.  'The  air  flov/  requirement  for  the  smaller  suirfacing 
machine  was  fo’und  to  be  315  cubic  feet  per  minute.  A  higher  rate 
will  be  necessary  v;hen  the  larger  machine  is  used. 

SUMI/iARY  OR  EECERT  LITERa-IURE  ON  EFFECTS'  ON  WORKERS 
OF  EXPOSURE  TO  TOXIC  OR  NOXIOUS  GASES 

'  I 

Next  to  dust,  the  must  important  hazard  to  health  through  lack  of 
proper  ventilation  is  the  possible  presence  of  toxic  or  noxious  gases  in  the 
air  breathed.  This  hazard  is  present  everyv*here,  even  in  the  hom.e,  and  is  in¬ 
creasing  with  the  rapid  development  of  new  chemical  products.  Following  is  a 
summary  of  some  of  the  reports  published  on  this  subject  in  various  industrial 
countries. 

Engl  and.  -  TTne  following  table  reports'*^  cases  of  gassing  for  the  year 
1929,  as  compared  with  previous  years.  The  figures  relate  to  the  numher  of 
cases  reported,  with  the  number  of  deaths  in  parentheses. 

41  Bridge,  T.  C.,  Industrial  Disease  Am.ong  Chemical  Workers:  Chem.  Age, 
vol.  23,  No.  581,  August  16,  1930,  p.  139. 
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■  Comparison  of  data  on  ^assinjg,  1935  -  1929 


Asent 

1925 

.  1926 

1927 

1928 

1929 

Carbon  monoxide,  . . . 

118  (10) 

101  (6) 

88  (4) 

81  (9) 

113  (10) 

(a)  Blast  furnace  . 

25  (6) 

9  • 

13 

22  (8) 

25  (5) 

(b)  Power  . 

24  (1) 

32  (2) 

19  (1) 

20 

55  (3) 

(c)  Coal  . 

26  (2) 

26  (1) 

58  (2) 

14 

21  (1) 

(d)  Other  . 

33  (1) 

34  (3) 

18  (1) 

25  (1) 

12  (1) 

Carbon  dioxide . 

10  (2) 

4 

3 

8  (1)  ' 

Sulphuretted  hyarogen  _ 

4 

3  , 

9 

9  (3) 

7  (2) 

S-ulphur  dioxide  . 

3  (1)  . 

2 

5  (1) 

10 

6 

Chlorine  . . . 

12 

13  ■  • 

14 

17 

14 

Nitrous  fumes . 

10  (2) 

5  (1) 

7 

6  (1) 

11  (2) 

Ammonia  .  . . 

.  5, 

5  (1) 

5 

12  (1) 

18 

Bensol ,  benzine,  naphtha 

and  petrol  . 

3  (!')  '  ' 

■  4  (1) 

7  (2). 

7  (2) 

,  7 

Other  (ether,  acetone, 

• 

nic.kel  carbonyl,  etc.).. 

35  (.-3)  ^ 

17  (1) 

23  (2) 

17  (2). 

36  (1) 

The  Senior  Medical  Inspector^^  calls  attention  to  the  fact  that  the 
number  of  carbon  monoxide  cases  was  higher  in  1929  than  for  previous  years,  the 
reason  being  due  to  cases  wnich  have  occurred  at  a.  large  Works  v/he're  water  gas 
is  used.  Accidents  from  carbon  monoxide  are  often  very  difficult  to  avoid,  and 
while  the  number  of  fatalities  is  not  high,  the; possibility  of  many  nonfatal 
acciaents  becoming  so  is  apparent.  Accidents  of  this  class  can  only  be  avoided 
by  the  greatest  care,  and  supervision.  ’  kYorkers  must  have''  impressed  upon  them  the 
necessity  of  making  every  use  of  the .  appliances  availab'le  -  breathing, 
apparatus,  rescue  lines, ‘etc.  "Familiarity  breeds  contempt,"  and  employers 
should  realise  that  workers,  in  order  to  carry  out  necessary  work,  often  take 
risks  when  they  v,-ould  hesitate  to  dp  so  if  warned  fully  of  the  dangers.  There 
is  no  accident  more  tragic  than  a  fatal  gassing  by  carbon  monoxide,  because 
almost  invariably  one  has  the  feeling  that  with  fore, sight  it  could  have  been 
prevented.  Unfortunately,  one  man  overcome  by  carbon  monoxide  gas  in  doing 
some  simple  Job,  .jeopardises  the  lives  of  other  men  who  attempt  rescue.  It  is 
not  sufficient  to  have  aiopliences  for  rescue  or  resuscitation  available;  the 
workers  should  be  instructed  in.  'their  use.  Every  accident  of  this  character, 
even  slight  cases,  should  be  carefully  inquired  into  by  every  person 
responsible  and  by  those  who  actually  do  the  work.  In  such  a  wa.y  a  better 
sense  of  the  danger  of  ordinary "jobs  would  be  established.  If  the  results  of 
■such  an  inquiry  had  the  fullest  publicity,  then  those  engaged  on  similar  work 
might  be  in  a  position  to  anticipate  and  provide  against  similar  accidents. 

The  five  nonfatal  sulphuretted  hydrogen  cases  were-  due  to  escape  of 
H2S  in  gasworks;  three  of  them  occurred  in  em.ptying  purifiers.  The  two  fatal 
cases  were  of  an  entirely  different  character,  and  affected  three  men  engaged 
on  the  enlargement  of  a  cesspit  on  factory  premises.  The  hydrogen  sulphide 
gas  accumiUlated  during  the  night  and  arose  from  the  decomposition  of  organic 
matter.  No  tests  were  made  before  descending  into  the  pit  in  the  morning,  and 
the  first  man  to  descend  was  imm.ediately  overcome  and  fell  from  the  bucket  in 
which  he  was  being  lowered.  Brave  efforts  were  made  at  rescue,  and  in  these 
attempts  another  man  also  lost  his  life.^^ 


42  Bee  footnote  41. 

43  See  footnote  41. 
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•  ikccording  to  the  British  Medical'  Journal, ^4  311.  Bernard  Spilshury, 
taicing  Up  the;  ref erenc^  .by  Professor  fialaahe  to  the  controversy  as"  to  whether 
carbon  monoxide  had  any  direct  action  upon-  the  tissues  apart  from  the  changes 
in  the  blood,  by  reducing  the  ox7/gen-carrying  capacity,  said  that  it  had  long 
been  known  that  in  the  more  chronic  forms  of  profound  anemia  very  character¬ 
istic  changes  occurred  in  the  body',  such  as  an  extremely  fatty  disease  of  the 
heart  muscle  and  the  kidneys.  It  was  not  always  realized  how  rapidly  such 
changes  could  occur  in  a  relatively  short  period  of  anemia  if  the  oxygen-carry¬ 
ing  power  of  the  blood  were  lowered.  He  had  had  the  opuortunity  of  investigat¬ 
ing  cases  v/here  the  hemoglobin  percentage  had  been  considerably  reduced  for 
some  time,  and  it  only  required  a  severe  anemia  of  three  or  four  days'  diira- 
tion  to  induce  these  fatty  degenerations.  If  fairly  tough  organs  like  the 
liver  and  kidney  could  be  so  affected  by  anemia  of  that  duration,  certainly 
the  brain  cells  must  be  affected,  and  thus  the  profound  results  of  a  prolonged 
Oxygen  deprivation  could  be  accounted  for.  '^Vith  regard  to  the  dangers  of 
chronic  carbon  monoxide  poisoning  to  the' modern  ccmmunit.y,  there  could  be 
little  doubt  that  the  exhaust  gases  of  motor  vehicles  would  constitute  a  serious 
menace  in  the  future.  He  had  very  little  doubt  that  many  cases  of  chronic  CO 
poisoning  had  been  overlooKied  in  the  past  and  present.  It  had  occurred  among 
workers  in  large  garages  where  pngihes  wpre -'runnang  frequently.  Unless  the 
garages  were  well  ventilated  the  possibility  .of  CO  poisoning  w'as  very  present. 
In  estimating  the  fatal  sati^atiohs  with  carbon  monoxide,  Spilsb-ury  said  he 
ha.d  never  obtained  figures  puite  so  high  as  Professor  Haldane  had  suggested  - 
namely,  80  per  cent;  he  had  occasionally  found  75  or  76  per  cent,  but  in  most 
of  the  fatal  cases  he  had  investigated  the  figures  v/ere  nearer  60  to  65  per 
cent,  as  an  average.  In- very  few  cases  had  he  found  aeath  occurring  with  a 
low  percentage,  and  there  could  be  little  doubt  that  while  a  normal  person 
required  a  very  high  percentage  for  a  fatal  dose,  a  person  in  ill  health  mught 
die  with  a  very  much  lower  percentage  in  the  Mood.  He  recalled  the  case  of 
a  young  woman  who  committed  suicide  in  this  way,  and  in  her  case  the  sat\ira- 
tion  was  only  45  per  cent.  She  had  with  her  a  child  of  7,  who  v/as  unconscious, 
but  siirvived.  The  v;oraan  herself  was  suffering  from  advanced  chronic 
tuberculosis  of  the  l^lngs,  and  he  tho\ight  the  lov;  fatal  dose  was  occasioned  by 
the  fact  that  she  would  naturally  offer  less  resistance  than  a  healthy  person. 
In  two  other  cases,  in  which  the  percentage  was  about  50,  one  was  an  old  and 
feeble  person,  and  the  other-  was  suffering  from  cancer  of  the  stomach.  With 
regard  to  the  recognition  of  carbon  monoxide  in  the  body  after  death,  the  post¬ 
mortem  appearances  were  extremely  characteristic,  so  that  one  could  often 
diagnose  a  case  of  carbon  m.onoxide  poisoning  on  sight.  But  according  to 
Spilsbury  there  was  one  condition  that  might  mislead  a  medical  man  not  familiar 
with  the  changes  which  occurred.  A  doctor,  searching  through  the  organs  of 
the  body,  might  find  nothing  at  all  to  indicate  the  reason  for  death,  and  then 
be  suddenly  struck  with  the. fact  that  the  blood  in  the  organs  was  bright  red, 
so  that  he  would  jump  to  the  conclusion  that  it  was  a  case  of  coal  gas  poison¬ 
ing.  But  that  bright  redness  might  be  entirely  due  to  the  changes  in  the 
viscera  after  exposure  to  air.  ihe  blood  in  the  viscera  is  of  dark  color  when 
first  exposed,  but  after  exposure  it  becomes  a  bright  red.  One  other  form  of 

t 

44  British  Medical  Journal,  Carbon  Monoxide  Boisoning:  No.  3626,  July  5, 

1930,  pp.  17-18. 
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poisoning  in  which  sometimes  the  blood  and  even  the  viscera  might  have  rather 
a  bright  color  is  cyanide  poisoning.  This  condition  is  almost  the  only  one  • 
through  which  a  mistake  in  diagnosis  of  the  cause  of  death  is  likely  to  be 
made . 

The  medical  school  of  Leeds  Univerfeity^^  is  studying  the  effects  of 
carbon  monoxide  poisoning  on  the  nervous  system  by  experiments  on  birds  and 
small  animals.  It  has  been  found  that,  with  repeated  exposure  to  small  con¬ 
centrations  of  gas,  canaries  develop  a  tolerance  that  renders  them  unreliable 
for  detecting  concentrations  below  a,bout  0.2  per  cent.  Lung  hemorrhages  were 
found  to  occur  in  all  birds  subjected  to  three  or  more  exposxares. 

France.-  The  Committee  of  the  Prefecture  of  Police  for  the  Suppression 
of  Fumes  and  Noxious  Automobile  Exhaust  Gas,  appointed  in  1927  to  st'udy  the 
practicability  of  the  suppression  of  such  fumes  and  gas,  has  published  its  re¬ 
port.  It  considered  the  problem  as  analogous  to  the  suppression  of  industrial 
smoke,  since  fumes  from  both  sources  are  the  product  of  incomplete  combustion 
of  carbonaceous  materials. 

Tests  were  made  to  determine  the  eurount  of  carbon  monoxide  produced  by 
different  m,akes  of  automobiles,  the  effect  of  antiknock  substances,  the 
diffusion  of  CO  in  the  air  from  automobile  exhaust  gas  at  various  points  in  the 
city  of  Paris,  and  the  effect  of  the  gas  on  vegetation,  ihe  investigation 
showed  that  motors  could  be  so  constructed  as  to  emit  only  a  small  amount  of 
toxic  gas.  The  results  of  the  analyses  of  the  air  in  the  streets  was  reassur¬ 
ing  as  regards  any  danger  to  health.  Certain  trees  were  found  to  be  parti¬ 
cularly  susceptible  to  dust  and  exhaust  gas,  and  it  was  recommended  that  they 
be  replaced  by  more  resistant  species.  Two  measures  were  proposed  to  reduce 
to  a  minimum  the  inconvenience  from  the  emission  from  automobiles  of  carbon 
monoxide  as  well  as  other  toxic  or  m,al odorant  gases  or  fumes: 

1.  The  imposition  of  regulations  prohibiting  automobiles,  in 
passing  through  a  crowd  or  in  the  vicinity  of  other  vehicles, 
animals,  or  pedestrians,  from  emitting  fumes  or  odors  of  a 
nature  to  inconvenience  the  public,  impede  traffic,  or,  re¬ 
ferring  more  especially  to  smoke,  frighten  animals;  special 
supervision  of  garages  and  of  public  vehicles  for  the  pro¬ 
tection  of  users  from  the  products  of  combustion.  ‘This  regu¬ 
lation  would  also  forbid  the  use  of  tetraethyl  lead  and  its 
derivatives  and  would  fix  the  responsibility  on  the  owner  of 
the  automobile  or  the  garage,  and  finally  on  the  manufacturer, 
for  death  by  intoxication, 

2.  The  personal  action  of  manufacturers  and  drivers,  which  could 
be  greatly  facilitated  through  collaboration  with  syndical 
chambers  of  the  automobile  indxietry. 

45  Safety  in  Mines  Research  Board,  Eighth  Jhinual  Report:  Colliery  Guardian, 

vol.  141,  No.  3632,  August  8,  1930,  p.  481. 

46  Kohn-Abrest,  and  Loiret,  Rapport  Present^  au  No^  de  la  Commission  de 

la  Prefecture  de  Police  pour  la  Suppression  des  Fumees  et  des  Gaz  ( 

d’Echapuement  Nocifs  des  Automobiles:  Ann.  d' hygiene  publique, 
industrielle,  et  sociale,  vol.  7,  New  Series,  July,  1930,  pp.  373-410. 

-  22  - 


8891 


I.  C.  6439 


Germany. -  An  investigation^’^  was  made  of  the  toxicology  and  hygiene  of 
motor  traffic,  because  of  the  increasing  number  of  accidents  due  to  inhalation 
of  exhaust  gases  from  motor  vehicles.  ihe  investigation  included  chemical 
analyses  of  exhaust  gases,  toxicological  experiments,  and  practical  tests  as 
to  the  amount  of-  carbon  monoxide,  carbon  dioxide, .  And- methane,  etc.,  present  • 
in  over  100  street  blocks,  tunnels,  and  in.  large  garages.'  "  •  ■  '  - 

ihe  general  conclusion  reached  -  and  here  the  authors  are  in  striding 
agreement  with  the  decision  arrived  at  in  the  Final  Aeport  of  the  English 
Ethyl  Petrol  Committee  -.-is  that  carbon  monox"d;ej  is,!  the  only  gas' with  acute 
action  given  off  by  water  vehicles.  In  consequence ,•  however>  of  the  extra¬ 
ordinary  rapidity .  of ,  dilution,  the  CQ.,eoncentrgtipn-!.  in  the  atmosphere  at 
breathing  level  rarely  exceeds  2  parts  per  10,000,  so,  that  risx:  to  the  general 
public  is  to  all  intents  and  purposes  absent.  In  95  of  the  101  tests  the 
proportion  of  CO  was  under. 1.5  parts  per  10,000.-  fhe' highest ,  was  2.7' which, 
it  is  said,  closely  corresponds  with  ;Observatons ;made  by  investigators  in  the 
United  States.  Ihe  highest  proportion  found  .by.  Major  R. -ii.  -Hepple  for  the 
Ethyl  Petrol  Committee 'was  1.7  parts  per  ,10,000-.(at  Trafalgar -Square ) ,  but  ; 
when  the  sample  was  taken  the  bottle  was  placed  quite  close  to  the  exhaust. 


tinued  for  hours  together  must  lead  to  some  saturation  of  the  blood  by  CO  and 
synjptoms  of  .headache  and  palpitation,  precautions  .  are  .called  for  in  the  case 
of  police  on  point  duty  in  .places  where  "hold-ups"  are  .frequent,  and  in  . 
garages  and  repair  workshops.-  .-  ....  , 

(■ 

South  Africa.  -  The ,  ventilation  of  the  mines  of*  the  .‘rfitv^atersrand"^®  has 
four  main  objects  in  .view:  the  supply  of  air  chemically .  cure,  the 'miitlgatioh  and 
removal  of  the  danger  from^  siliceous  dust,  the  supply  of  cool  air  to  the  deep 
mines,  and  the  removal-  of  the.  dust  and  frimes  produced  by  blasting. 

s  j  • 

In  order  to  m^eet  these  requirem.ents  certain  regulations,  promulgated 
under  the  Mines  and  .Vkorks  .tvct -_of,  .,the  Union  (HandlDopK:  of  the  Mines  and  ^Vorks 
Act  of  the  Union,  Hortors,  Ltd.,  Johannesburg).,  are  applied,  as  regards  the 
chemxical  purity  of  the  air,  carbon  dioxide*  must  not'  exceed  0.2  per  cent, 
carbon  monoxide  0.01  per  cent,  apd  there  must  , be  no  detectable  trace  of  oxides 
of  nitrogen.  -  At  least  30  cubic  feet  of  air  per  minute  m.ust  be  supplied  to 
every  person  employed  underground. 

United  States.-  -A  review  of  most  of  the  important  reports  of  studies 
made  on  carbon  monoxide,  since  the  existence  of  this  substance  has  been  Known, 
was  published  by  the  U.  S.  Public  Health  Service. This  summarizes  the  in¬ 
formation  available  on  the  occurrence,  s3rmptoms,  and  diagnosis  of  carbon 
monoxide  poisoning,  percentages  of  the  gas  dangerous  to  breathe,  with  s.yroptoms 
that  occur  at  various  percentages  of  blood  saturation,  and  the  pathology,  pre¬ 
vention,  and  treatment  of  poisoning,  by  this  gas. 

47.,K€eser,  E. ,  Froboese,  V.,  Turnau,  R. ,  Gross,  E. ,  Kuss,  E. ,  Ritter,  G. ,  and 
Wilke,  W. ,  ToxiKologie  und  Hygiene  des  Kraf tf ahrwesens  (Auspuffgase  und 
Benzine)  (-Toxicology  and  Hygiene  of  Motor  Traffic.):  Schriften 
Gewerbehyg.  ,  1930,  new  ser.  ,  No.  29,  pp.  viii  and  106.  .k-iuoted  from 
Bull.  Hygiene,  -vol.  5,  No.  2,  November,  1930,.  p.  898. 

48  Rees,  J.  P. ,  Mine  Ventilation  on  the  Rand:  South  African  Min.  and  Eng. 

Jour.,  'April,  1930,  page  65.  .  .i  . 

49  Sayers,  R.  R.-  and  Davenport, Sara  J. ,  Review  of  Carbon  Monoxide  Poisoning: 

Public -Health  Bull.  195,  1930,  97  pp.  c 
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•  A  etudy  was  made  by  the  Bureau  of  Industrial  Hygiene,  New  York  State 
Department  of  Labor^^  on  the  effect  of  chemically  pure  carbon  monoxide, 
illuminating  gas,,  and  automobile  exhaust  gas  upon  the  fragility  of  the  red 
blood  cells.  V»hen  normal  blood  was  exposed  to  pure  carbon  monoxide  gas  under 
laboratory  conditions,  there  was  no  increase  in  the  fragility  of  the  red  blood 
cells.  :v  .  .  ^  r.  i  .  . 

’  '  '  '  ‘  :  i  ' 

Normal  blood  exposed,  to  both  illuminating  gas  and  a\itomobile  exhaust 
gas,  under  the  same  laboratory  conditions,  showed.' a  tendency  to  a  somewhat,  in- . 
creased  hemolysis  of  the  red  cells,  . fhe.  increase  in- hemolysis  due;  to  auto^-  ,  . 

mobile  exhaust  gas  is  slightly  less  than  that  produced  by  illum.inatipg  gas... 

*  .  •  '  ,  .1.  ‘  .  5  ,  I 

,  ■  i'he  hemolyzing  effect  o^  these  gases  would _  seem,  therefore  to  be  due  to 
the  presence  of  other  toxic  constituents  rather  than  to  their, carbon  monoxide 
content.  'Ihe  hemolysis  produced  by  the  several,  treatments  outlined  was  nof 
due  to  a  change  in 'the  hydrogen  ion  concentration  of  the  blood.  ,  r 

Carbon  monoxide  poisoning  has  been  declaLred  compensable  when  incurred 
during  employment  in  a  garage.^^  ■  ■  ■  ■  .•  ,.  •• 

According  to  Commander  Brown, of  the  Medical  Corps  of  the  U.  S.  Arm.y, 
the  disasters  to  the  S-Sl  and  S-4  within  recent  years  have,  aroused  renewed. .  - 
interest  in  the  subject  of  methods  of  rescue  for  spbmarines.  Amor.g  the 
various  measures  for  rescue,  a  vital  consideration  is  provision  for  the 
regeneration  of  the  air  in  order  that  the  crew  may  survive  while  rescue 
operations  are  bdihg  conducted.  Commander  Brown  states  the  problem  as  follows: 

Soda  lim.e  is  supplied  to  submarines  to  prevent  dangerous 
acc\am\;dation  of  carbon  dioxide,  and  oxygen  is  provided  in  the  form 
of  the  compressed  gas.  The  limitations  of  v/eight  and  space  in  sub¬ 
marines  are  such  that  these  supplies  are  necessarily  very  restricted. 

As  a  result  of  careful  investigation,  inforniation  is  now  available  as 
to  the  maxim.um  absorptive  efficiency  of  soda  lime  for  CO^  under  the 
"usual  ventilation  conditions;  and  the  maximum  time  that  the  oxygen 
will  last  from  the  standpoint  of  survival  is  known  for  all  practical  ,  ■ 
purposes.  .  . 

inhere  are,  however,  certain  questions  which  will  arise  in 
•  naval  circles.  One  of  these  may  be  formulated  as'follow'g:  To  what 
extent,  if  any,  will  the  maintenance  of  the  normal  oxygen  concentra¬ 
tion  minimize  the  effects  of  .high  carbon  d.ioxiQ,e. on  men  resulting 
from  rebreathing  air  in  submarines?  uould  life  be  materially  pro¬ 
longed  if  oxygen  deficiency  were  prevented  while  carbon  dioxide  was 
accumulating  to  a  dangerous  percentage?  .  .  •r.'-'i.- 

50  Mayers,  M._  R.  .Rivkin,  H.  ,  and  Arasnow,  N.  ,  'i'he  Effect  of  Chemically  Pure 

Carbon  Monoxide,  Illuminating  Gas,  and  j>iutom6bile  E.xhaust  Gas  Upon  the 
Rragility  of  the  Red  islood  Cells:  Jour.  Ind.  Hygisne,  voi;  12,'  No,  8, 
October,  1930,.  pp.  300.  ,  s’’ 

51  Jacxson  v,  Euclid-Fine  Inv.  Co.  '(Mo.),  22 'S,  V» .  (2d)  '849.  ''Workmen's  Com- 

.  pensation  Acts:  Carbon  Monoxide  Poisoning  of 'Gprage  Employee  Compensable. 
Jour.  iim.  Med.  Assoc.,  vol.  95,  No.  7,  Aiogust  l6,  1930,  p,''554.' 

52  -Brown,  E.  W.,-  'The  Value  of  High  Oxygen  in  Preventing  the  Physiological 

Effects  of  Noxious  Concentrations  of  Carbbn  dioxide:  U.  S.  Naval  Bull., 
vol.  28,  No.  3,  July, 1930,  pp.  523'*553. 
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Another  important-  question  is  the  effect  of  hi§h  carhon 
dioxide  v/ith  or  without  oxj'gen  deficiency  on  the  physical  and' mental 
efficiency,  of  men  in  euhmsj'ines.  Tne  efficiency  curve  will  fall,  of 
course,  when  the  atmosph,ere  is  vitiatea  hy  a  high  concentration  of 
COg.  It  sho\ild,'  however ,,  he  deteriained,  if,  possible,  what  concen- 
traion  would  induce  effects  leading  to  such  a,  loss  of  efficiency 
,  that  the' boat  could  not  be  properly  .operated  by  the  personnel.  It 
is  also  possible  th.at  mental  efficiency  may.  be  m.ore  seriously 
affected’  than  physical  stamina  and  may  occur  earlier.  Ihere  is 
apparentl'/  no  record  in  the  literature  of  the  effect  of  high  CO^'  on 
mental  eff  iciency-,  •.'althciagh  some  work;  has, been^  carried  out  in 
reference'  to  physical  efficiency.  ^ 

An  investigation  was  carried  out  to  determine  (l).  the  noxious  effects 
of  carbon  dioxide  with  ox3’'gen  supplied,  to  prevent  deficiency  and  with  the 
oxygen  allowed  to  fell  as  the  carbon  dioxide  accumulated,  and  (2)'  the 
influence  of.  high  carbon  dioxide-  on  physical  and  mental  efficiency  of  the 
personnel.  The  investigation  showed  that  such  subjective  effects  as  panting, 
dyspnea,  headache, -  nausea,  and.  chilliness  and  fatigue  .were  somewhat  less  in 
the  high  oxygen  group.  The  differences,  however,  were  not  striking,  the  more 
decided  being  reduction  of  dyspnea  and  .less  fatigue  after  the  tests 

The  following  statement  is  made,  of  the  effects  of  high  carbon  dioxide: 

*  *  '  ■ 

.  It  is  felt  that  the  personnel  could  carry 'on  .their  usi;^! 
submarine  duties  for  a  protracted  period,  if  carbon  dioxide  did  not 
exceed’  5  per  cdnt.  Even  at  approximately  6  per  cent  ‘of  carbon  di¬ 
oxide  the  mien  could  probably  still  carry  pn  ;for.  a  sriort  time,  the 
--  efficiency  cur-ve  fallii:ig  rather  rapidly  be tv/een  5.5  and.  6  per  cent. 

It  is  believed,  that  the  majority  would  he  cpm.pletely  incapacitated 
above- 6  per  cent  of  .carbon  dioxide,  which  .is  regarded  as  the 
critical  point.  '  'The  supply  of  oxygen  would  improve  physical  and 
mental  efficiency  between  5  and  6  per  cent. of  carbon  dioxide  but 
would  not  prolohg  it  beyond  the  latter  figure. 

A  consideration  of  the  hazards  to  health  and  safety  is  an  important 
feature  in  the  innovation  of  chemicals  which  may  have  rather  .wide  use  under 
conditi-ons  where  persons  are  exposed  to  air  containing  their  vapors.  Ere- 
quently,  however,  the  information  necessary  for.-a  basis  of  evaluation  of  the 
hazards  is  lacking,  due  mainly  to  the  materials  being  relatively  new  products, 
or  at  least  new  to  the  particif-.ar  field  or  conditions  of  use.  In  view  of 
this,  there  is  a  continua,!  need  of  research  and  investigations- to  supply  the 
information,  especially  at  the  present  time,  when  there  is  considerable  acti¬ 
vity  in  the  development  of  now  organic  compounds  of  domestic  and  industrial 
importance.  Fortunately,  along  with  the  activity  in  development,  progressive 
chemical  industries  have  realized  the  importance. of  the  health  aspects  in  the 
manufacture-,  marketing,  and  utilization  of  their  products,  and  many  have 
initiated  and  supported  research  to  that  end. 
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'Ihe  U.  S.  Bioreau  of  Mines, in  cooperation  with  several  of  the  large 
cheirical  companies,  has  carried  out  an  investigation  of  the  physiological 
response  of  guinea  pigs  to  ethylene  dichloride,  ethyl  henzene,  “cellosolve," 
ethylene  oxide,  vinyl  chloride,  and  dioxan.  Prom  the  standpoint  of  the 
health  hazard,  ethylene  dichloride  and  cellosolve"  are  about  as- harmf iil  as 
gasoline,  benzene,  carbon  tetrachloride  and  chloroform;  ethyl  benzene . and  vinyl 
chloride  are  slightly  less  harmful  than  these  gases*  and  ethylene  oxide  is  less 
harmful  than  hydrogen  chloride  and  sulphur  dioxide,  but  a  great  deal  more  harm¬ 
ful  than  carbon  tetrachloride  and  chloroform.  'Ihe'hazard  to  health  from 
breathing  air  contaminated  with  dioxan  is  slight.  Health  hazards  from  dioxan, 
ethyl  benzene,  ethylene  oxide,  ethylene  dicbloride  and  cellosolve  are 
mitigated  by  the  warning  response  manifested  as  eye  and  nose  irritation. 

Ethylene  dichloride  has  a  distinct  odor  and  cellosolve  a  disagreeable  one. 

Vinyl  chloride  does  not  possess  adequate  warning  properties,  but  gives  warning 
by  producing  dizziness  and  disorientation  in  advance  of  harm.  In  the  use  of 
new  substances  of  this  kind  it  is  always  recommended  that  in  sO  far  as  possible 
exposure  should  be  reduced  to  a  minimum,  and  unavoidably  exposed  workmen  should 
be  regularly  given  complete  physical  examination.  Nearly  all  organic  vapors 
are  toxic  and  present  potential  health  hazards,  and  much  remains  to  be  learned 
about  the  effects  of  repeated  exposure  to  relatively  small  amounts. 

In  connection  with  the  study^'^'  made  on  the  toxic  effects  of  materials 
used  for  mechanical  refrigeration,  reported  last  year,  attention  was  called  to  tin 
lact  that  the  hazard  to  health  from  contamination  of  air  by  a  noxious  gas  de¬ 
pends  not  only  on  the  potential  harmful  response  attending  exposure,  but  also 
on  the  warning  properties,  which  in  effect  may  be  termed  the  "accompanying 
warning  response."  This  warning  may  be  manifested  as  an  odor,  taste,  irrita¬ 
tion  of  the  eyes,  nose,  or  throat,  or  perhaps  headache,  vertigo,  or  nausea. 

These  manifestations  may  be  painful  and  even  slightly  harmful,  but  to  a  much 
lesser  degree  than,  the  primary  injury  of  exposure.  The  warning  response 
mitigates  hazards  directly  in  proportion  to  the  degree  of  intolerability  which 
accom.panies  injurious  ex'posure,  and  accordingly  its  absence  augments  hazards. 

This  accounts  for  the  fact  that  the  actual  health  hazards  from  a  nonodorous  or 
nonirritating  gas  or  vapor  of  comparatively  low  toxicity  som.etimes  equal  or 
exceed  the  hazard  from  a  considerably  more  toxic  substance,  but  one  which 
possesses  a  marked  odor  or  produces  eye,  nose,  or  throat  irritation  in  advance 
of  harmful  exposure. 

When  a  substance  lacks  the  properties  for  giving  warning,  it  is  often 
possible  to  impart  them  by  the  addition  of  a  sm^all  amount  of  another  substance 
that  has  an  exceedingly  high  warning  intensity. 


53-  Acute  Response  of  Guinea  Pigs  to  Vapors  of  Some  New  Comm.ercial  Organic 
Compounds: 

I.  Ethylene  Dichloride 

Reprint  No.  1349  from  the  Public  Health  Reports,  1930,  16  pp. 

II.  Ethyl  Benzene 

Reprint  No.  1379  from  the  Public  Health  Reports,  1930,  10  pp. 

III.  " Cellosolve"  (kono-Ethyl  Ether  of  Ethylene  Glycol) 

Reprint  No.  1389  from  the  Public  Health  Reports,  1930,  8  pp. 

IV.  Ethylene  Oxide 

Reprint  No,  1401  from  the  Public  Health  Reports,  1930,  12  pp, 

V.  Vinyl  Chloride 

Reprint  No.  1405  from  the  Public  Health  Reports,  1930,  9  pp. 

VI .  Bibxan 

Reprint  No.  1407  from  the  Public  Health  Reports,  1930,  10  pp. 

54  Sayers,  R.R.,  Yant,  V«.P.  ,  'Thomas,  B.G.H,,  and  Rerger,  L.JB.,  physiological 

Response  Attending  Exposure  to  Vapors  of  Methyl  Bromide,  Methyl  Chloride, 
Ethyl  Bromide,  and  Ethyl  Chloride,  Public  Health  Bull.  185,  1929,  56  pp. 
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The  maniaf acturers  of  methyl  chloride  and  a  manuf acturer  of  refriger¬ 
aterating  devices  investigated  the  properties  and  possihil i ties  of  use  of  an 
exceedingly  large  nurrher^^  of  substances  and  selectee  ecrolein  as  the  most 
promising.  These  companies,  after  completing  their  investigation,  asxed  the 
Bureau  of  Mines  to  ma:ce  an  independent  study  of  the  efficacy  and  suitability 
of  acrolein.  'Two  reiDorts^°  'were  made,  one  for  unit  systems  and  one  for 
multiple  systems. 

The  studies  m.ade  hy  the  Bureau  of  Mines'  showed  that  exposure  to  1  part 
of  acrolein  per  million  parts  of  air  produces  detectable  eye  and  nose  irrita¬ 
tion  in  two  to  three  minutes,  mioderate  eye  irrita'tion  with  lacrimation  in  four  ’ 
minutes,  and'is  painful  and  practically  intolerable'  in  five  minutes.  Concen-  ‘ 
trations  of  5.5  parts  per  million  of  air  causp-  painful  eye  and-nose  irritation' 
in  20  seconds  and  are  practically  intolerable  in  one  minute.  One  part  per 
million  is  thought  to  be  adeqvsate  for  giving  warning.  When -charged  with  methyl 
chloride  containing  0,6  to  1.0  per  cent  of  acrolein  by  volume,  the  ■'amount  of 
acrolein  in  the  various  parts  of  the  commercial  vmits  tested  vi/a^  enough  to 
give  warning  of  lealcage  of  liquid  from  the  evaporator  or  float  chamber  when 
the  concentration  of  methyl  chloride  in  the  air  was  0.0066  to  0.01  per  cent 
by  volume,  and  0.066,.  to, 0.10  methyl  chloride  if  the  leakage  was ‘vapor  from  the 
remainder  of  the  system.,  An^mial  experiments  have  indicated  'that  repeated  daily 
exposure  of  several  hours  to  0.005  to  0.01  per  cent  does  not  cause  apparent 
harm  and  that  0.05  to  0.10  does  not  cause  apparent ‘harm  after  a  single’ 
exposiore  of  several  hours. 

In  connection  with  the  above  studies  on  atmospheric  contamjination, 
attention  was  also  given  ^to  possible  contamination  of  food  and  poisoning  by 
ingestion.  Following  is  a  summ.ary^'^  of  |this  investigation: 

•  •  ,  ' 

'The  possibility  of/poisoning  by  ingestion  of  methyl-chloriue  con¬ 
taminated  food  was  studied,  "by  ej^osing  dogs. 

'  .'n' 

No  apparent  signs  of  poisoning  were  caused  by  the  average 
daily  ingestion  on  foiur  consecutive  days  of  500  grams  of 
ground  raw  beef  or  200  c.  c.  of  milk  that  had  been  exposed 
15  to  75  hours  to  100  per  cent  miethyl-chloride  vapor  at  35°F. 

CO 

A  report  was  also  issued  by  the  Bureau  of  Mines^  on  the  use  of  ethyl 
mercaptan  to  detect  leaks. in  natural-gas  distribution  systems.  The  bureau  had 
been  desirous  of  observing  the  practical  use  of  ethyl  mercaptan  for  detecting 
leakage  of  natural  gas,  particularly  to  determ.ine  whether  the  odor  would 
permeate  the  ground  and  give  indication  of  leaks  in  underground  pipes. 

55  Roessler  &  Hasslacher  Chemical  Co.  ,  'Warning  Agents  for  Methyl  Chloride  in 

Refrigeration  Systems:  10. East  40th  St.,  New  York  City,  1930,  31  pp. 

56  Yant,  \Y.  P.  ,  Schrenk,  H.  H.  ,  Patty,  F.  A.,  and  Sa.yers,  R.  R.  ,  iicrolein  as 

a  Warning  Agent  for  Detecting  Leakage  of  Methyl  Chloride  from  Refrigera¬ 
tors;  Rept.'of  Investigations  3027,  Bureau  of  Mines,  1930,  11  pp. 

Schrenk,  H.  H. ,  Patty,  F.  A.  ,  and  Yant,  'nii'.  P.  ,  Acrolein  as  a  'naming  Agent 
for  Detecting  Leakage  of  Methyl  Chloride  from  a  Multiple  Refrigeration 
System:  Rept.  of  Investigations  3031,  Bureau  of  Mines,  1950,  7  pp. 

57  Yant,  W.  P.  ,  Shoaf,  H.  Vv.  ,  and  Chornyak,  J.  ,  Observations  on  the  Possi¬ 

bility  of  Methyl  Chloride  Poisoning  by  Ingestion  with  Food  and  Water: 
Reprint  No.  1371  from  the  Public  Health  Reports,  1930,  8  pp. 

58  Sayers,  R.  R. ,  Fieldner,  a.  C. ,  Yant,  W.  P. ,  Leitch,  R.  D. ,  and  Pearce, 

S.  J. ,  Use  of  Ethyl  Mercaptan  to  Detect  Learns  in  Natural-Gas  Distribu¬ 
tion  Systems:  Rept.  of  Investigations  3007,  Bureau  of  Mines,  1930,  13  pp. 
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Opportunity  for  making  these  observations  was  recently  given  by  E.  A.  Munyan, 
manager,  gas  department,  Union  Gas  &  Electric  Co.,  who  requested  the  bureau's 
cooperation  in  making  leakage  surveys  of  the  company's  distributing  systems 
at  Erantlin  and  Middletown,  Ohio. 

In  these  leak  surveys  the  use  of  ethyl  mercaptan  was  entirely 
successful.  It  appeared  to  be  far  more  efficient  .than  ordinary  inspection 
methods  and  entailed  only  a  fraction  of  their  cost.  A  discussion  is  given  of 
'the  chemical  and  physiological  properties  of  ethyl’  mJercaptan,  the  procedure 
for  conducting  ethyl  mercaptan  surveys,  the  im.portance  of  favorable  season 
and  weather  conditions,  and  the  concentrations  found  to  be  effective.  The 
odorizing  of  natural  gas  with  ethyl  mercaptan^  was  found  to  be  a  practical  "■  ' 
means  for  detecting  leakage  and  a  much  cheaper  means  than  usual  inspection 
methods.  Concentrations  of  7.7  to  9.3  pounds  of  ethyl  mercaptan  per  million 
cubic  feet  of  gas  were  found  very  effective  in  indicating  house  .leaks.  It  is 
thouight  that  half  that  amount  or  even  less  would  be  ample  to  indicate  leaks  of 
significant  magnitude.  Concentations  of  31*0  to  46.5  pounds  of  ethyl  mercaptan 
per  million  cubic  feet  of  gas  were  found  effective  in  indicating,  underground 
leaks  in  mains  and  service  lines.  The  use  of  ethyl  mercaptan  caused  no 
complaints  from  customers  unless  leates  were  present. 

.  ■  ■  SUMJ/iARY  OF  hECENT  LITEKA'IUhE  ON  ABNOEiaAL  TEi^ffERATUHES 

■■  '  ‘  .  AND  HUl'ilDIlTES  ■  • 

■  '  •  -I  ■ 

The  subject  of  the  control  of  atmospheric  conditions  indpors, 
especially  the  temperature  and  humidity,  is  becoming  of  increasing  importance 
in  connection  with  the  health  and  efficiency  as  well'as  with  the  comfort  of 
the  individual.  An  air-conditioning  engineer^^  has  expressed  the  following 
ideas  concerning  the  developments  that  lie  ahead  in  the  "manufacture  of 
weather" ; 

'de  are  fast  approaching  the  tima  when,  the  average  suburbanite 
will  rise  in  the  morning  refreshed  from  sleeping  in  an  automatically 
-  controlled  and  carefully  regulated  atmosphere.  He  will  breaKfast  in 
a  house  whose  temperature  and  humidity  are  conducive  to  good  nature 
and  sound  nerves.  He  will  tavel  to  the  city  in  an  air-conditioned 
railroad  train  from  which  objectionable  odors .and  overheated  dry  air 
are  eliminated.  Upon  reaching  his  office  he  v/ill  enter  the  invigorating 
atmosphere  of  a  type  of  weather  manufactured  to  suit  him  and  lunch  in 

comfort  under  the  same  condition.  ' _ ^ _ 

59  Carrier,  W.  H. ,  The  Future  of  Air  Conditioning:  (.quoted  by  Floyd  Vii .  Parsons 
in  Pacts  and  Fancies,  Gas  Age-Rec. ,  November  8,  1930,  p.  770. 
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Japan. -  'Ihe  significance  of  sweating  in  man  has  been  studied  by  Yas 
Kuno  and  his  collaborators  for  eight  years  at  the  Physiological  Laboratory  of 
Manchiiria  Medical  College.  He  mentions  the  current  view,  held  for  many 
decades,  that  the  regulation  of  the  temperature  of  the  body  is  almost  the  sole 
object  of  sweating,  which  he  has  long  doubted  since  sweating  may  be  provoked 
not  only  by  an  increase  of  temperature  of  the  surroundings  but  also  by  emotion 
and  mental  stress.  The  reason  for  the  increase  in  sweating  due  to  environment 
is  clear,  but  why  emotion  or  mental  stress  should  also  cause  sweating  he 
thought  should  be  investigated.  He  found  that  sweating  caused  by  heating  in¬ 
evitably  spreads  over  the  entire  body,  but  the  palms  of  the  hands  and  the  soles 
of  the  feet  do  not  conform  to  this  general  rule.  However,  any  intense  sensory 
stim-ulation  seems  able  to  provoke  sweating  in  these  parts.  The  m.ost  adequate 
cause  was  found  to  be  mental  stress.  Mental  arithmetic  caused  sweating  on  the 
palms  of  the  hands  and  the  soles  of  the  feet.  Kuno,  therefore,  classifies  the 
human  sweat  glands  in  two  groups  with  respect  to  causation  as  well  as  to  dis¬ 
tribution  on  the  body  surface: 

(1)  The  sweat  glands  present  on  the  palms  and  the  soles  have  the 
characteristic  of  permanent  secretion  and  react  with  an  in¬ 
creased  secretion  to  mental  or  sensory  stimulation  but  not  to 
rise  of  temperature  in  the  environment. 

(2)  The  sweat  glands  distributed  all  over  the  remaining  parts  of 
the  body  s'urface  show  little  or  none  of  this  permanent  secre¬ 
tion  or  "insensible  perspiration."  , 'They  are  not  responsive 
to  moderate  mental  stimiilation,  but  profuse  sweating  occurs 
from  them  when  the  temperature  of  the  environment  rises. 

One  phenomenon  is,  however,  conunon  to  these  two  different 
sets  of  sweat  glands  -  i.e.,  every  sweating,  whenever  it 
occurs,  appears  universally  over  its  own  respective  district 
and  is  never  confined  to  any  single  part  in  its  area.  For 
brevity  I  will  designate  the  sweating  from  the  former  set  of 
sweat  glands  as  "mental  or  psychical  sweating,"  and  that  from 
the  latter  as  "thermal  sweating." 

He  concludes  that  the  sweat  glands  of  human  beings  have  three 
important  functions:  (l)  The  regulation  of  the  body  tempenature;  (2')  the 
facilitation  of  physical  work;  and  (3)  the  protection  of  the  s^in. 

United  States.-  Ventilation  is  not  air  conditioning,  according  to. 
Stangle  and  Kingsbury,®^  although  a  space  equipped  with  an  air  conditioning 
system  and  maintaining  the  desired  standard  s./nthetic  atmosphere  is  adequately 
ventilated.  They  distinguish  between  ventilation  and  air  conditioning  as 
follows : 

60  Kuno,  Yas,  The  Significance  of  Sweating  in  Man:  Translated  and  published 

in  The  Lancet,  vol.  1,  No.  17,  April  26,  1930,  pp.  912-915. 

61  Stangle,  W,  H.  ,  and  Kingsbury,  H.  u.,  Air  Conditioning:  IV.  Ventilation- 

General  Discussion:  Heating  and  Ventilating,  July,  1930,  p.  78,  August, 

1930,  p,  75. 
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.  ^  ...  ....  r..:  .  . 

■  '  ■  •  ....  ’  "'  ■■  "  '  •  •• 

Ventilation  is  the  •'Supply  j  cir^vls'-tion  and.  distrihiition  of’  ’■ 

fresh  air  and  the  accuiriulat'ion,  circulat ion . and  removal' of  vitiated'.  > 
air.  The  removal*  of ^  foreign  matter  such;a,s  du^t  aiid  dirt  hy  means  , 

.  of-. filters  may  he' C0ripider6d  as  a*' oart  .of •  ventilation  hut  herders 
on  conditioning  of 'air  since  ve  are-  doing  .sorr.e.thing  to.  the  'air  that  f  : 
changes  its  pha.racteristics.  .  .  ■  ■ 

.Let  ua,.  therefore,'  say  that  :.when.  ve  dp  anything'  to  hir  'to  ■  ■ 

'change  its  characteristics,  -te  condition  the  air.  Such  treatment'  of  ' 
■'air  may  .he  filtration,  heatiiig,  washing,-  cooling,  etc/'  Ventilation 
on  the  other  hand,  'as 'we  have  stated,  is  the  .movement  of,'  arid  the  . 
handling  of ,  'air  in  its 'natural  state.:  That  is  why  the  m.odern  '. 
phrase  "synthetic  dtmosphere"  has  : been  coined,  since  it  is  the  man-¬ 
made  product  resulting  from  conditioning  air.  ..  '  - 

If  a  s'oace  has  a  c'oriifortahie  teifnuera.ture,  is  free  from  odors, 
and  has  a  gentle  hut  definite  air'm.ovement  with' no.  ^drafts  it-'is  well 
ventilated. 

•  0  -  '  . .  ... 

Supplying  a  certain  quantity  of  air  whether  it  is  2‘''cif.m. 
per  sq.  ft.  of  floor  area  dr'-'SO  ^cu.  ft.’ .loer  person , does  not  mean  that 
the  suace  is, well  ventilated'.'"^  It  rails t  he  comfortable.  '  ■' 

Comfopt  is  most' impor-tant.i  :  >It  i s  Natur.e  ’ s  way,  of  telling  us 
that  our  immediate  surroundings  are/  se.t, is  factory  for  our  health.  If 
there  are  elements  preshnt  which  hull  .our  senses, ..this  is  not  true. 
Over'neating  does  hot  "cause'  the  same 'degree  pf  disc'oiifort  'as’ underheat¬ 
ing  or  dra,fts  and  is  not  as’  dangerous  to  the^health. 

The  American 'Society  of  Heating. and  Ventilating  Engineers  and 
the  Biureau  of  Mines  have  made  ari  interesting  study  of..comfOrt  with 
varying  temperature,  humidity-,  and  air  m.ovement  .conditions.' '-'A  new 
standard  is  used  in  defining  a  comfortable  tem.pera-ture.  It  is  called 
the  Effective  Tem.pcrature.  TTe  base  our.  calculations  on  an  effective 
temperature  of  67°  which  is  equivadentf  .to  70°  dry  bulb  and  60°  't'iret 
bulb,  a  too  high  humidity'.  '  A  temnerature  ,of  720  dry  bulb'  arid  570  .' 
Tfret  bulb,  which  has  the  same  effect,  is  to  "be  preferred.  '  -  -  •  .■  '  : 

’  ’  ■  ■  •  ;  .  r  ;  :  .  ,  . 

In  summer  the  t'em’per'ature  inside  should  not  be  ’  lot'er -  than 
100.  below,  that  .outside.  Comfort  in-sum/aer  is  comparative  and  - is 
varied  by  the  amount  of  clothing  worn  and. other  conditions.  A 
-  maximum  tempera^ture  of  05°  with  a  relative  humidity' of  50^  is  com:'.p.n-. 
ly  assumed.  This  summ.er  comfort  zone  will  be  discussed  in  further 
detail.  .  ‘  • 
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The  effects  of  too  dry  air  and  the  suggested  air  conditioning  for 
‘^oersons  suffering  with  respiratory  diseases  axe  described  by  Barnum^^'  as 
follows: 

Dr.  Hernan  U.  Bundesen;;  for  many  years.  Coimissioner  of  Health 
in  the  City  of  Chicago,  is  ■b'driiaus  one  of  the  best  laiown  of  our  Piablic 
Health  officials  who  has  made"' a,  real  study  of 'this,  subject  and  has 
Txitten  quite  at  length  on  it.’  He  says:  "Proper  moisture,  or  what  is 
Imown  as  humidity,  is  not  merely' desirable,  but  is  essential  to  health 
and  comfort.  Humidity  and  temperature  are  in  close  relation  and  both 
must  always  be  considered  in  connection  with  ventilation." 

Respiratory  diseases  are  the^  most  common  of  pur  hum.an  ailments 
affected  by  temperature  and  hum.idity.  Contrary  to^  the  belief  of  m.ost 
people,  "the  breathing  of  cold  air  affects  the  mucous  mem.branes  of 
the  nose  in  such  a  way  as  to  encourage  the'  invasion  of  disease  germ.s," 
according  to  Dr.  J.  A.  Meyers,  Ph.D. ,  M.D. ,  professor  of  preventive 
medicine  and  chief  of  chest  clinic  of  the  University  of  Minnesota, 
Minneapolis.  To  continue  quoting  Doctor  Meyers:  "In  the  treatment 
of  the  acute  respiratory  diseases  such  as  coryza  and  bronchitis,  cold  , 
air  has  an  unfavorable  effect.*  How  often  we  see  a  patient  who  com¬ 
plains  of  frequent  prolonged  colds  terminating  in  brenchitis  which 
may  become  sub-acute.  The  ordinary  methods  df  treatm.ent  have  proved  ’ 

^  of  no  avail  but,  upon  inquiry,’  we  find  that  he  is  sleeping  out  of 
doors  or  in  an  extremely  cold  room,  and  v;ill  continue  to  have  these 
colds  until  he  can  be  convinced  that  he  should  breathe  reasonably 
warm,  air  with  the  proper  humidity.  With  our  new  loiowledge  of  the 
effects  of  the  air  u*pon  the  body,  we  are  fast  massing  the  day  when 
pneum.onia  is  treated  in  a  very  cold  room.  Better  results  are  ob¬ 
tained  when  the  air  in  the  room,  is  kept  in  the  neighborhood  of  63° 
with  a  hum.idity  of  40*^  to  50/o  than  when  the  windows  and  doors  are 
thrown  wide  open  and  the  patient  is  subjected  to  great  exposure." 

Doctor  Meyers  holds  to  the  same  theory  regarding  the  treat¬ 
ment  of  tuberculosis,  namely  that  the  patient  is  better  off  at  a 
temperature  of  68°  D.  and  a  relative  hum.idity  of  about  40^^  than  in 
the  extreme  cold.  He  speaks  of  the  "trem.enddus  amount  of  energy 
required  on  the  part  of  the  body  to  keep  warm"  and  believes  that 
this  is  an  unnecessary  tax  upon  the  patent. 

In  a  report  of  the  Committee  on  the  Atmosphere  and  Man  of  the  natural 
Research  Council,  Huntington^^  gives  the  following  results  of  a  study  on  the 
comiection  between  weather  and  health  in  Hew  York  City: 


62  Barnum,  M.  C. ,  Effects  of  Too  Dry  Air:  Heating  and  Ventilating,  June, 

1930,  p.  83. 

63  Huntington,  Ellsworth,  Heather  and  Health:  Bull.  Hat.  Research  Council, 

Ho.  75,  1930,  161  pp. 
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The  results  here  set  forth  agree  in  general  uith  those  of 
other  investigators,  hut  add  important  nevf  features.  They  confirm 
the  ideh  that  man,  lime  other  animals,  is  subject  to  a  distinct 
optimum  of  temperature.  Uhen  all  ages:  and  all  causes  of  death  are 
combined,  this  optimum,  as  derived  from  the  present  investigation, 
falls  at  a  temperature  of  63°  T.  for  day  and  night  together.  This 
is  close  to  the  average  among  the  various  determinations  of  the 
optimum,  but  one  of  the  new  things  brought  out  by  the  present  report 
is  that  the  optimum  varies  greatly  for  different  ages  of  life,  and 
with  respect  to  resistance  to  different  diseases.  Deaths  from, 
pneumonia  (and  influenza)  decline  with  almost  perfect  regularity 
as  the  temperature  rises;  those  of  children  under  five  years  of  age 
decline  similarly  but  far  less  rapidly  until  the  average  temperature 
reaches  55°,  but  increase  portentously  with  every  rise  of  temperature 
above  60°. 

Variable  weather  at,  all  seasons,  in  New  Yorlr  City  at  least, 
is  accompanied  by  a  lower  death  rate  than  is  uniform  weather.  Ex-  ' 
trem.ely  variable  weather,  to  be  sure,  is  not  so  favorable  as  that 
which  is  intermediate,  but  it  is  distinctly  better  than  that  in 
which  day  after  day  is  of  the  sam-e  temperature. 

TThen  temperature,  humidity  and  variability  are  all  combined 
it  appears  that  the  ideal  day  is  one  on  which  ’the  average  temperature 
is  about  65°  and  the  relative  humidity  nearly  90  per-  cent.  The  pre¬ 
ceding  ten  days  or  so  should  have  been  characterized  by  fairly  strong 
changes  of  temperature  averaging  4°.  These  should  culm.inate  in  a,  * 

drop  of  10  or  12°.  Of  course  such  days  can  not  occur  continually, 
for  a  further  drop  will  carry  the  temperature  to  an  unfavorable  level. 

A  rise  will  do  likewise  and  will  itself  be  unfavorable.  No  change 
of  temperature  will  also  work  harm.  Yet  in  suite  of  all  this  it  is 
possible  for  days  which  approximate  the  optimum,  to  occur  frequently. 

As  a  part  of  a  study  of  respiratory  illness  among  steel  workers 
(pneumonia  occurs  with  alm.ost  twice  the  frequency  among  iron  and  steel 
workers  as  among  the  em.ployees  of  a  group  of  m.iscellaneous  industries) 
the  U.  S.  Public  Health  Service  compared  the  skin  temperatures  of 
workers  exposed  to  radiant  energy  with  the  skin  tem.peratures  of  workers  not 
so  exposed.  Preliminary  analysis  of  the  cases  occurring  over  a  four-year 
period  had  indicated  that  the  incidence  of  •oneum.onia  was  high  am.ong  workers 
exposed  to  inclem.ent  weather  and  among  those  subjected  to  wide  variation  in 
temperature,  especially  extreme  heat  followed  by  exposure ^to  m.uch  lower 
temperatures.  The  main  purpose  of  the  preliminary  report°'^  has  been  to 
describe  the  instruments  employed  in  the  field  to  determine  radiant  energy 
and  skin  temperature,  incidentally,  however,  a  general  picture  of  the  results 
obtained  has  been  given  as  an  indication  or  sample  of  the  relationship ’be¬ 
tween  skin  temperature,  radiant  energy,  and  the  atmospheric  conditions  among 
steel  workers.  The  final  com.parisons  have  been  left  to  a  later  monograph, 
which  will  show  what  correlations  may  appear  between  conditions  found  and  the 
sickness  rates,  primarily  pneumonia. .  The  following  points  have  come  out 
rather  clearly  in  this  preliminary  analysis:  _ _ 

64  Bloom.field,  J. J.  ,  Ives,  J.E.  ,  and  Britten,  k.H.  :  Effect  of  Radiant  Energy 
on  the  Skin  Temperat-ures  of  a  Group  of  Steel  Workers;  Reprint  No.  1370, 
Pub.  Health  Repts.,  1930,  13  pp. 
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1.  Intense  soui’ces  of  radiant  energy  had  a  pronounced  effect 
on  the  shin  temperatures  of  Tjorhers  exposed  to  them;  the 
forehead  and  cheeks  shored  the  greatest  increase. 

2.  Great  differences  in  the  s?rin  temperatures  of  different 
parts  of  the  body,  for  a  single  individual,  rere  found  in 
workers  exposed  to  radiant  energy. 

3.  Even  under  relatively  cold  atmosulieric  conditions,  not  far 
above  the  freezing  point,  high  srin  temperatures  were  en¬ 
countered  in  workers  ex-posed  to  ra^diant  energy. 

4.  Por  workers  not  exposed  to  radiant  energy  there  was  a 
definite  relation  between  atm.ospheric  conditions  and  skin 
tem.peratures,  both  for  arduous  and  for  moderate  work;  the 
skin  temperatures  increasing  with  increase  of  effective 
temperature. 

Tests  made  by  Ward^^  on  the  measurement  of  skin  tem.perature  in  rela¬ 
tion  to  the  sensation  of  comfort,  indicate  that  the  temperature  of  the  skin 
as  measured  over  the  forehead  and  carotid  m.ay  be  used  as  an  index  of  the 
degree  of  comfort  of  the  individual.  Miile  there  are  undoubted  individual 
variations,  the  m.easurem.ents  show  in  general  that  an  optimum  sense  of  comfort 
is  experienced  when  the  skin  temperature  at  these  points  lies  between  33  and 
•34°  C.  An  uncomfortable  sensa.tion  of  warmth  is  reached  when  the  skin 
temperature  rises  as  high  as  35  to  36°C.  On  the  other  hand,  uncomfortable 
sensations  of  cold  are  experienced  when  the  skin  temperature  falls  as  low  as 
31  or  32°  C.  Fewer  data  were  obtained  for  this  lo'-er  limit,  which  should  be 
studied  with  m.ore  care.  On  the  basis  of  these  results,  one  might  place  the 
extremes  of  the  comfort  zone  for  the  skin  tem.perature  of  the  forehead  or 
carotid  as  lying  between  31.5  and  35.5°C.  ,  a  range  of  4°  C.  with  the  optim.um 
at  33.5°  C.  Beyond  these  limits  distinct  discomfort  is  felt.  These  results 
apply  to  winter  conditions  in  a  temperate  clim.ate.  It  would  be  interesting 
to  determine  whether  under  summer  conditions  or  in  tropical  climates  these 
limits  v/ould  show  an  alteration  in  consequence  of  acclimatization. 


65  Ward,  Emma  P.  ,  The  Measurement  of  Skin  Temperature  in  Its  Relation  to 
Comfort:  Am.  Jour.  Hygiene,  vol.  12,  No.  1,  July,  1930,  pp.  130-154. 
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MINING  METHODS  AND  PRACTICES  AT  THE  UNITED  VERDE  COPPER  MINE,  JEROME,  ARIZ.  ' 

By  T.  W.  Quayle^ 

INTRODUCTION 

This  paper  describing  mining  practices  at  the  United  Verde  copper  mine,  Jerome, 
Ariz.,  is  one  of  a  series  being  prepared  by  the  Bureau  of  Mines  on  mining  practices,  methods, 
and  costs  in  the  various  mining  districts  of  the  United  States. 

At  present  mining  operations  are  being  conducted  both  underground  and  by  electric 
shovels  in  an  open  pit.  The  open-pit  work  has  been  described  by  E.  M.  J.  Alenius  in  a  pre¬ 
vious  publication  of  the  Bureau  of  Mines; ®  the  present  paper  will  be  confined  to  a  descrip¬ 
tion  of  the  underground  mine.  The  underground  methods  oomprise  horizontal  cut-and-fill, 
shrinkage  with  delayed  filling,  horizontal  square-set,  inclined  square-set,  and  top  slice. 
The  normal  daily  production  of  the  underground  mine  is  3,000  tons  of  copper  ore  per  day, 
requiring  the  employment  of  900  men  underground. 
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HISTORY 

The  United  Verde  mine  is  sutuated  at  Jerome,  Ariz.,  on  the  eastern  slope  of  the 
Black  Hills,  at  an  elevation  of  approximately  5,500  feet.  The  town  of  Jerome  is  served  by 
the  Verde  Tunnel  &  Smelter  Railroad,  a  subsidiary  of  the  United  Verde  Copper  Co.,  which  joins 
a  branch  of  the  Santa  Fe  Railroad  at  Clarkdale,  4  miles  distant  in  an  air  line  from  Jerome. 
At  Clarkdale  is  the  United  Verde  smelter. 

The  original  claims  covering  the  United  Verde  outcrop  were  located  in  1876  by  M. 
A.  Ruffner.  The  outcrop  contained  oxides  of  copper  and  a  considerable  amount  of  gold  and 
silver.  However,  as  the  terminal  of  the  Santa  Fe  at  that  time  was  in  Kansas  and  the  nearest 
smelter  was  at  San  Francisco,  the  outlook  for  profit  was  dark.  The  United  Verde  Copper  Co. 
was  organized  in  1882  and  purchased  the  original  claims  from  Ruffner  for  545,000.  James  A. 


1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acXnowledgment  is  used: 

"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6440." 

2  -  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  mine  superintendent.  United  Verde  Copper  Co. 

3  -  Alenius,  B.  M.  J.,  Methods  and  Costs  of  Stripping  and  Mining  at  the  United  Verde  Open  Pit  Mine,  Jerome,  Ariz.: 

Information  Circular  6248,  U,  S,  Bureau  of  Mines,  February,  1930,  33  pp. 
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McDonald  and  Eugene  Jerome  of  New  York  were  made,  president  and  secretary,  respectively.  A 
small  reduction  plant  was  installed  and  shipments  of  high-grade  gold-silver-copper  matte 
began.  Financial  and  operating  difficulties,  however,  caused  the  operation  of  the  mine  and 
plant  to  be  spasmodic  for  several  years. 

Senator  W.  A.  Clark  of  Montana  made  his  first  visit  to  the  mine  in  1888,  having 
been  impressed  by  an  exhibit  of  its  ores  at  the  World  Exposition  at  New  Orleans  in  1885. 
After  personally  examining  the  property  he  secured  an  option  and  took  control  in  1889.  Under 
his  guidance  developments  were  rapid  and  the  United  Verde  eventually  became  one  of  the 
world's  leading  copper  mines. 

Senator  Clark  remained  president  of  the  company  until  his  death  in  1925.  He  was 
succeeded  by  his  son,  Charles  W.  Clark,  who  now  heads  the  company. 

GEOLOGY  AND  ORE  DEPOSITS 

The  ore  deposits  of  the  United  Verde  mine  are  of  the  massive  sulphide,  schist-re¬ 
placement  type.  A  structural  anticline  formed  by  the  intrusion  of  diorite  between  bedding 
planes  of  steeply-dipping  and  severely-folded  greenstones  and  porphyry  localized  the  deposi¬ 
tion  of  sulphide.  The  mineralized  zone  is  of  great  horizontal  extent,  varying  from  200,000 
to  400,000  square  feet  on  various  levels,  and  has  a  proved  depth  of  4,000  feet.  The  irregu¬ 
lar  inter-fingering  of  the  sulphide  with  the  schists  and  porphyry,  typical  of  replacement 
types  of  ore  deposits,  forms  an  irregular  and  indefinite  footwall  boundary.  The  chief  pri¬ 
mary  copper  mineral  is  chalcopyrite;  the  gangue  consists  principally  of  pyrite,  quartz,  and 
chlorite . 


General  Geology 


The  geologic  record  begins  in  early  pre-Cambrian  times,  when  a  greenstone  complex 
consisting  of  tuffs,  flows,  and  fragmentals  was  formed.  Younger  than  the  greenstones  is  a 
series  of  siliceous  bedded  sediments.  After  the  deposition  of  the  latter  the  formations  were 
folded  and  tilted  steeply  to  the  northwest.  Following  this  the  area  was  intruded  by  rhyo¬ 
litic  quartz  porphyry,  which  was  shortly  thereafter  rendered  schistose  by  further  deforma¬ 
tion.  Masses  of  augite  diorite  then  intruded  the  quartz  porphyry  and  greenstones.  The  sul¬ 
phide  ore  deposits  were  formed  after  the  intrusion  of  the  diorite.  After  the  formation  of 
the  large  schist  replacement  ore  bodies,  but  before  the  mineralization  was  entirely  com¬ 
pleted,  a  series  of  small  andesite  dikes,  locally  called  "water  courses,"  cut  the  ore  masses 
and  other  formations.  These  dikes  have  an  east-west  trend  which  is  nearly  at  right  angles 
to  the  schistosity  of  the  quartz  porphyry.  They  vary  in  thickness  from  a  few  inches  to  50 
feet,  with  an  average  of  2-1/2  feet. 

Continued  deformation  following  the  intrusion  of  the  dikes  brecciated  and  dis¬ 
placed  all  of  the  older  formations.  Normal  faulting  on  a  major  scale  caused  a  vertical  dis¬ 
placement  of  about  2,300  feet  on  the  Verde  fault.  This  fault  strikes  north-northwest  south- 
southeast.  It  cut  the  chimney  of  sulphide  into  two  segments.  A  long  period  of  erosion  fol¬ 
lowed,  during  which  the  country  was  base-leveled.  It  was  later  covered  by  the  Cambrian  seas, 
which  deposited  the  Tapeats  sandstone  0  to  100  feet  in  thickness. 

Overlying  the  basal  sandstones  are  300  to  500  feet  of  Devonian  limestone,  300  to 
500  feet  of  Mississippian  limestone,  and  0  to  500  feet  of  red  sandstone  of  Permian  age.  Each 
of  the  four  periods  of  deposition  was  preceded  and  followed  by  periods  of  uplift  and  erosion. 
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Tertiary  basaltic  lavas  are  the  next  recorded  formations.  These  came  chiefly  from 
the  San  Francisco  Mountains  volcanic  field,  augmented  somewhat  by  feeders  in  the  form  of 
dikes  which  are  occasionally  found  in  the  district.  Where  the  lavas  flowed  across  the  Ter¬ 
tiary  Verde  Valley  below  Camp  Verde,  a  dam  was  formed  which  resulted  in  a  lake  at  least  35 
miles  long  and  6  or  8  miles  wide.  In  this  lake  bed  (Verde)  formations  were  deposited  to  a 
thickness  of  at  least  1,200  feet. 

Following  the  outpourings  of  lava  and  more  or  less  contemporaneous  with  the  deposi¬ 
tion  of  the  lake  bed  formations  came  another  period  of  normal  faulting.  Several  breaks  are 
apparent  with  a  north-northwest  and  south-southeast  trend,  also  a  few  attendant  cross  faults. 
The  Verde  fault  moved  again,  causing  an  additional  vertical  displacement  of  about  1,580  feet. 
The  uplifted  scarp  of  the  Verde  fault  was  especially  subject  to  erosion  so  that  a  strip  of 
the  pre-Cambrian  was  exposed.  The  erosion  on  the  west  side  of  this  fault  uncovered  the  ore 
bodies  of  the  United  Verde  mine,  whereas  on  the  east  side  of  the  fault  the  pre-Cambrian  for¬ 
mations  are  deeply  buried. 

Due  to  the  rapid  erosion  of  the  steep  fault  scarp  and  the  ore  bodies,  very  little 
secondary  enrichment  exists.  Erosicn  has  followed  enrichment  so  closely  that  the  oxidized 
capping  does  not  extend  over  100  feet  in  depth,  and  secondary  enrichment  rarely  200  feet  be¬ 
low  the  oxides. 

The  ore  deposits  are  of  the  schist-replacement  type.  Where  the  massive  sulphides 
adjoin  schists  there  is  a  gradual  transition  from  unreplaced  to  completely  replaced  schist. 
The  contact  is  rarely  a  clean-cut  one,  and  shows  all  the  embayments  and  irregularities 
characteristic  of  limestone  replacement  deposits.  Fingers,  pendants,  and  small  isolated 
patches  of  ore  frequently  exist.  The  ore  bodies  generally  occur  along  the  sulphide-schist 
contact,  and  to  a  less  extent  within  the  sulphide,  schist,  or  porphyry  areas  (see  figs.  1 
and  2) . 


The  sulphide  varies  in  horizontal  section  from  an  elliptical  to  a  roughly  crescent¬ 
shaped  mass  with  a  length  of  about  1,100  feet  along  the  strike  and  an  average  width  of  about 
300  feet.  It  lies  between  the  chloritic-schist  footwall  and  the  diorite.  Toward  the  diorite 
the  sulphide  becomes  hard  and  siliceous,  with  practically  solid  jasper  at  the  diorite  con¬ 
tact.  The  diorite  is  fresh  and  hard,  with  a  fairly  uniform  texture  and  without  much  evidence 
of  alteration.  The  black  schists  consist  essentially  of  chlorite.  The  quartz  porphyry  as 
a  rule  is  fresh  and  quite  hard,  though  in  places  in  zones  of  shearing  it  may  become  very 
schistose  and  grade  into  black  schist.  Occasionally,  near  the  sulphide  body  where  acid 
leaching  has  had  its  effect,  the  porphyry  is  altered,  softened,  and  kaolinized. 

Physical  Characteristics  of  Ore  and  Enclosing  Rocks 

As  explained  under  the  heading  "Geology,"  the  main  ore  bodies  occur  along  the  con^ 
tact  of  the  massive  sulphide  and  the  schist,  with  smaller  and  less  important  ones  on  the 
schist-porphyry  contact  or  entirely  in  any  one  of  the  three  rocks.  The  physical  character¬ 
istics  of  the  three  rocks  are  so  entirely  different  that  the  location  of  an  ore  body  with 
respect  to  these  rocks  determines  not  only  the  mining  method,  but  also  the  size  of  the  stope 
than  can  be  worked. 

The  massive  sulphide  is  generally  very  hard  and  dense,  and  stands  well  over  large 
areas  without  timber  support,  except  for  an  occasional  bulkhead  under  a  loose  slab  or  where 
weakened  by  an  andesite  dike.  This  permits  mining  by  cut-and-fill  and  shrinkage  methods 
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The  schist  varies  so  much  in  hardness  and  strength  in  different  parts  of  the  mine 
that  no  definite  mining  method  can  be  assigned  to  the  ore  bodies  in  this  rock.  At  places  it 
stands  well  enough  to  be  mined  by  the  cut-and-fill  method,  whereas  at  other  places  it  re¬ 
quires  mining  by  small  square-set  sections.  Shrinkage  is  never  used  in  the  schist  because 
of  dilution  from  the  walls  in  drawing  the  broken  ore. 

In  hardness  and  strength  the  porphyry  forms  an  intermediate  class  between  the 
massive  sulphides  and  the  schist,  and  the  ore  bodies  in  it  can  ordinarily  be  mined  by  the 
cut-and-fill  method,  except  in  a  few  places  where  the  porphyry  tends  to  break  down  in  large 
blocks,  leaving  the  back  of  the  stope  so  ragged  that  timbering  is  required. 

There  is  no  general  change  in  the  characteristics  of  any  one  of  the  three  rocks 
from  the  surface  to  the  3000  level,  the  present  bottom  of  the  mine. 

In  the  massive  sulphide  and  porphyry  ore  bodies  the  values  shade  off  from  commer¬ 
cial  ore  to  waste,  and  the  stoping  limits  are  determined  by  assay.  This  may  be  true  of  the 
schist  ore  bodies,  but  more  often  the  change  from  commercial  ore  to  barren  waste  is  sudden. 

METHODS  OF  PROSPECTING  AND  EXPLORATION 

Ore  bodies  may  be  found  within  an  extremely  large  area,  and  the  so-called  "main  ore 
zone"  consists  of  numerous  irregular  lenses  of  ore,  large  and  small.  Therefore,  various 
methods  of  prospecting  are  used,  depending  upon  the  area  to  be  prospected  and  its  location 
geographically  and  geologically.  Diamond  drilling  is  the  chief  method,  followed  by  drifts, 
crosscuts,  and  raises. 

The  preliminary  work  in  new  and  undeveloped  country  is  done  by  diamond  drilling, 
generally  using  flat  holes,  to  obtain  geological  data.  Should  mineralized  areas  be  found,  or 
should  favorable  structural  conditions  be  indicated,  the  drilling  is  followed  by  drifts  and 
crosscuts.  The  footage  of  diamond  drilling  devoted  to  this  class  of  prospecting  amounts  to 
about  5,000  feet  annually. 

Within  the  "main  ore  zone"  the  geology  and  ore  areas  are  projected  downward  to 
each  new  level  with  sufficient  accuracy  to  permit  planning  the  haulage  drift  and  the  "con¬ 
tact"  drift.  The  latter  is  so  named  because  it  is  driven  on  or  near  the  sulphide-schist  con¬ 
tact.  On  the  most  recent  "lift"  of  new  levels  the  "contact"  drifts  were  driven  on  the  schist 
side  of  the  contact  and  on  definite  bearings,  as  against  the  old  practice  of  actually  follow¬ 
ing  an  irregular  replacement  contact.  This  drift  is  guided  by  means  of  occasional  diamond 
drilling,  as  well  as  by  constant  geological  observations.  Upon  completion  of  this  drift, 
the  foot  and  hanging  walls  are  thoroughly  drilled,  delineating  the  ore  areas  accurately  so 
that  the  foot  and  hanging-wall  drifts  may  be  driven  and  the  method  of  mining,  with  its  stope 
and  pillar  system,  may  be  planned. 

Even  after  stoping  operations  have  commenced,  it  is  frequently  necessary  to  diamond 
drill  from  the  stopes  with  flat  or  up  holes  to  locate  the  bottom  of  hanging  pendants  of  ore 
which  do  not  reach  the  level.  More  often  than  not  the  pitch  and  dip  of  ore  shoots  are  irre¬ 
gular  and  must  be  determined  in  advance  of  stoping  operations  in  so  far  as  possible,  to  per¬ 
mit  proper  chute  spacing.  Numerous  slips  occur,  which  but  rarely  limit  the  ore  shoots. 
Therefore,,  if  a  stope  is  bounded  on  a  side  by  a  slip,  it  is  necessary  to  prospect  beyond  the 
slip  at  regular  floor  intervals  with  either  short  stope  drifts  or  drill  holes  until  it  is 
assured  that  a  false  wall  does  not  exist.  To  meet  the  j'equirements  of  stope  exploration 
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a  light,  compact  diamond  drill  was  designed  and  constructed,  weighing  about  500  pounds  and 
capable  of  drilling  holes  up  to  250  feet  in  depth. 

Five  diamond  drills  are  operated  underground,  drilling  holes  varying  from  "ES"  to 
,"N"  in  size  (7/8  to  2-inch  cores).  The  annual  diamond-drill  footage  is  25,000  to  30,000. 

METHODS  OF  SAMPLING  AND  ESTIMATION  OF  TONNAGES  AND  VALUE 

Sampling 

Five  samplers  and  a  head  sampler  are  employed  underground.  Faces  are  usually 
sampled  either  by  chipping  with  a  sample  pick  or,  to  a  less  extent,  by  cutting  channels.  The 
chips  are  taken  in  four  lines  across  the  face  for  the  width  of  the  sample,  beginning  at  the 
back,  each  line  being  successively  lower.  The  average  size  of  a  sample  is  about  4  pounds. 
Individual  pieces  of  rock  or  ore  are  limited  to  1  inch  in  diameter.  A  sample  covers  a  width 
of  5  feet,  this  width  being  regularly  adhered  to  both  in  drifts  and  stopes.  Usually  the 
height  of  the  wall  or  face  sampled  is  7  feet.  The  average  length  of  a  stope  round  is  6  feet. 
In  the  stopes,  samples  are  taken  after  each  round,  so  that  a  sample  represents  a  horizontal 
area  of  about  30  square  feet  or  about  20  tons. 

Sampling  errors  vary  with  the  type  of  ore.  In  the  massive  sulphides,  the  chal- 
copyrite  or  other  ore  minerals  are  very  uniformly  distributed  and  the  copper  content  is  grada¬ 
tional  from  the  center  of  the  sulphide  ore  area  or  the  schist  contact  to  the  margin  of  the 
stopes,  where  the  ore  becomes  noncommercial.  Consequently,  in  sulphide,  the  sampling  error 
is  very  low — an  average  of  2  per  cent  above  actual  content. 

In  the  schist  and  porphyry  ore  areas,  the  occurrence  of  the  ore  minerals  is  ex¬ 
tremely  erratic,  and,  though  in  large  areas  of  schist  and  porphyry  a  gradation  of  copper 

content  may  be  noted,  more  often  than  not  it  is  very  rapid  and  sometimes  abrupt.  Oftentimes, 
too,  in  vertical  extent  ore  and  waste  may  occur  on  alternate  floors  for  several  floors  in 

succession.  Naturally  then,  the  sampling  error  is  high  and  can  be  reduced  only  by  taking 

jnore  samples.  Possibly,  as  the  ore  minerals  stand  out  in  the  matrix  of  porphyry  and  black 
schist,  the  personal  element  enters  into  the  sampling  of  this  class  of  ore.  This  source  of 
error,  however,  is  constantly  guarded  against.  The  sampling  error  has  varied  from  8  per 
cent  to  20  per  cent  in  this  class  of  ore. 

Samples  are  also  taken  from  the  various  ore  bins  on  the  1000  level  or  Hopewell 
haulage  tunnel. 

The  stope  samples  are  checked  against  the  ore-bin  samples,  and  the  latter  are 
checked  against  the  smelter  assays.  In  all  cases  when  a  discrepancy  exists,  the  stope  sam¬ 
ples  are  higher  than  the  ore-bin  samples,  which  in  turn  are  higher  than  the  smelter  samples. 
For  the  year  1928  the  average  error  for  all  classes  of  ore  between  the  stopes  and  the  smelter 
was  5  per  cent. 

More  specifically  the  methods  and  requirements  of,  and  the  duties  of  a  sampler 
underground  and  in  the  office  are  as  follows;  On  entering  a  stope  or  heading,  the  sampler 
determines  the  number  of  samples  necessary  and  records  the  location  of  the  advance  (measured 
with  a  tape  from  known  points)  in  his  notebook;  he  then  marks  the  sample  numbers  plainly  with 
Jieavy  white  chalk  on  the  working  face.  The  marks  are  made  heavy  enough  to  remain  on  the 
walls  until  the  sampler  on  the  night  shift  returns.  The  sample  tags  are  then  filled  in. 
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showing  the  location  of  the  sample  with  regard  to  a  known  point,  after  which  the  sacks  are 
distributed,  and  the  samples  taken. 

If  slips,  dikes,  or  schistosity  are  parallel  to  the  face,  the  sample  is  taken 
across  the  back  of  the  floor  below,  covering  the  same  area.  When  the  sampler  car  not  get 
under  the  back,  any  dikes  or  slips  occurring  on  the  face  are  broken  into  by  plugging  to  per¬ 
mit  sampling  of  the  ore.  Where  it  is  impossible  to  obtain  a  satisfactory  sample  by  the  above 
methods,  a  series  of  drill  holes,  5  to  10  feet  deep,  is  drilled  in  the  face  and  thi'  sludges 
caught  and  used  as  the  sample. 

The  samplers  are  held  responsible  for  ore  missed  because  of  areas  not  being  pro¬ 
perly  marked.  The  faces  or  v/alls  must  be  marked  with  very  heavy  chalk  either  "0.  X."  or 
"N.  G."  The  marks  are  heavy  enough  to  last  several  days  under  ordinary  circumstances,  If  the 
ore  is  not  mined  in  that  time,  the  faces  are  remarked. 

The  sampler  is  required  to  make  trips  to  the  shaft  with  samples  at  regular  inter¬ 
vals  throughout  the  shift.  This  permits  the  assay  office  to  make  determinations  and  to  pre¬ 
pare  the  daily  assay  sheet  before  the  night  shift  goes  underground.  Sample  sheets  with  the 
daily  stope  sample  returns  are  supplied  to  the  foremen  and  shift  bosses  of  both  the  day  and 
night  shifts.  This  enables  the  night-shift  bosses  to  mine  according  to  the  results  of  sam¬ 
pling  on  the  preceeding  day  shift  and  prevents  the  mining  of  much  low-grade  or  questionable 
material . 


Cooperation  with  the  mining  department  is  essential,  and  is  secured  very  success¬ 
fully.  The  samplers  keep  in  close  touch  with  the  foremen  and  shift  bosses  whose  ideas  re¬ 
garding  the  value  of  doubtful  ore  are  very  acceptable,  and  are  acted  upon  immediately  by  the 
samplers;  the  sets  or  areas  in  question  are  carefully  checked  and  rechecked,  if  necessary. 
Close  contact  with  the  geologists  and  their  stope  files  enables  the  samplers  to  anticipate 
the  general  characteristics,  peculiarities,  and  irregularities  of  the  ore  bodies. 

The  samplers  keep  two  sets  of  assay  maps,  one  in  the  general  office  for  use  by  the 
superintendent  and  geologist,  and  the  other  in  the  foremen's  office  for  the  use  of  the  divi¬ 
sion  foremen  and  shift  bosses.  These  books  are  carefully  kept  and  show  projected  ore  out¬ 
lines,  pillar  and  fence  lines,  chutes  and  raises,  and  the  geology.  They  are  posted  every 
day  in  order  to  be  up  to  date  at  all  times.  Thus  the  progress  of  any  stope  may  be  followed 
by  watching  these  maps. 

Development  work  is  similarly  plotted  and  posted  after  every  round. 

Some  stopes  are  mined  by  means  of  vertical  holes,  and  large  areas  are  shot  down  at 
one  time.  In  such  cases,  back  samples  are  taken  ahead  of  the  cut,  and  mining  is  governed 
accordingly. 

Occasionally  samples  of  broken  ore  in  the  stopes,  car  samples,  or  chute  samples  are 
necessary.  It  has  been  determined  that  for  such  sampling  the  proper  size  to  choose,  as  far 
as  possible,  is  a  piece  3  1/2  inches  in  all  dimensions.  Several  cars  of  ore  of  approximately 
1  ton  each  were  chosen  from  various  localities  and  sorted  by  hand  into  different  sizes: 
.Minus  1  inch;  plus  1  minus  3  inches;  plus  3  minus  5  inches;  plus  5  minus  7  inches;  plus  7 
minus  10  inches.  Each  size  was  weighed  and  assayed,  and  the  average  assay  for  each  car  de¬ 
termined.  From  the  assays  it  was  found  that  the  plus  3  minus  5  inch  size  was  nearest  the 
average  for  the  whole  car,  and  the  plus  1  minus  3  inch  size  second  best.  From  this  it  was 
deduced  that  the  proper  size  to  choose  must  be  slightly  over  3  inches  in  diameter. 
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Estimation  of  Tonnages  and  Values 

All  underground  ores  are  divided  into  four  classes,  according  to  the  gangue;  (1) 
Massive  sulphide  (sulphide  ores  with  less  than  25  per  cent  silica);  (2)  silicious  massive 
sulphide  (sulphide  ores  with  more  than  25  per  cent  silica);  (3)  black  schist;  and  (4)  quartz 
porphyry.  The  proportions  of  these  various  types  of  ore  vary  in  different  sections  of  the 
ore  gody  and  from  level  to  level.  Over  the  whole  ore  body  the  proportions  are  approximately 
as  follows; 


Per  cent 


Massive  sulphide  44 
Silicious  massive  sulphide  34 
Black  schist  11 
Quartz  porphyry  11 


The  classification  "ore  blocked  out"  is  used  only  under  the  following  conditions: 

1.  Ore  between  levels  when  silled  both  above  and  below. 

2.  Ore  silled  on  either  top  or  bottom,  with  a  raise  finished  and  with  drifts  or 
crosscuts  on  top  or  bottom. 

3.  Ore  with  drifts  and  crosscuts  on  top  and  bottom,  and  with  a  raise  finished,  and 
with  more  than  one  diamond  drill  hole  intermediate  between  levels. 

4.  In  general,  all  ore  where  there  is  practically  no  risk  of  failure  of  contin¬ 
uity. 

The  classification  "probable  ore"  includes: 

1.  Ore  cut  by  drifts  or  crosscuts,  but  without  intermediate  work. 

2.  Ore  silled  on  one  level,  but  without  workings  of  any  sort  on  the  level  above 
or  below,  distance  up  and  down  not  to  exceed  width  of  stope. 

3.  Ore  cut  by  drifts  or  drill  holes  when  within  the  ore  zone  may  be  taken  up  and 
down  a  distance  equal  to  the  width  of  the  ore. 

4.  In  general  ore  where  there  is  a  risk,  yet  a  warranted  justification  for  assum¬ 
ing  continuity. 

"Possible  ore"  includes  ore  which  can  not  be  included  in  either  of  the  above  class¬ 
ifications,  nor  definitely  known  or  stated  in  terms  of  tonnage.  This  includes  ore  cut  by 
diamond  drill  holes  outside  the  main  ore  zone  where  good  information  is  lacking. 

Tonnage  factors  in  terms  of  tons  per  cubic  foot  are  computed  from  specific  gravi¬ 
ties.  Samples  of  each  class  of  ore  from  each  stope  or  ore  area  are  combined  into  composite 
samples  and  the  specific  gravities  of  these  composites  are  used  in  calculating  the  tonnage 
factors  for  the  respective  classes  of  ore.  In  some  cases  composites  from  more  than  one  floor 
are  made;  the  averages  of  the  specific  gravities  are  then  used  in  determining  the  tonnage 
factors.  If  no  composites  are  available,  the  average  for  the  mine  is  used.  Representative 
tonnage  factors  are: 
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Tons  per  cubic  foot 

Cubic  feet  per  ton 

Massive  sulphide . 

0.1264 

7.911 

Silicious  massive  sulphide 

.1030 

9.709 

Black  schist . 

.1101 

9.083 

Quartz  porphyry . 

.0967 

10.341 

Three  general  cases  are  considered  in  determining  volume.  Where  the  ore  continues 
from  level  to  level,  the  formula  for  a  truncated  cone  or  prism  is  used;  that  is.  Area  of  top 
+  area  of  base/2  x  H  =  Volume.  (H  =  vertical  height).  If  the  ore  pinches  out  to  a  line, 
the  wedge  formula  is  used;  that  is,  A/2  x  H  =  Volume.  Where  the  ore  pinches  out  to  a  point, 
the  cone  or  pyramid  formula  is  used;  A/3  x  H  =  Volume.  Wherever  it  is  known  that  the  ore 
pinches  or  swells  between  levels,  the  volume  of  the  ore  body  is  figured  in  two  or  more 
blocks,  being  split  where  the  dip  of  the  ore  changes.  In  general,  the  volumes  of  definitely 
outlined  but  irregularly  shaped  blocks,  such  as  those  that  contain  pillars,  are  calculated 
as  special  cases,  adhering  to  geometric  principles. 

A  correction  for  dike  dilution  of  both  grade  and  specific  gravity  is  used  for  all 
dikes  over  1  foot  wide.  In  fire  areas,  where  the  ore  limits  can  not  be  sampled  or  accurately 
determined,  but  are  surrounded  by  old  stopes,  the  wall  assays  of  which  show  ore,  50  per  cent 
of  the  area  is  assumed  to  have  the  average  value  shown  by  the  old  assays  and  50  per  cent  of 
the  area  to  average  3  per  cent  copper.  This,  in  a  rough  way,  includes  those  samples  ap¬ 
proaching  our  mining  limit  of  3  per  cent  copper. 

In  the  calculation  of  grade,  all  stope  samples  are  used,  making  adjustment  by  the 
use  of  wall  assays  according  to  the  method  or  direction  of  mining.  Erratic  high  assays  are 
reduced  to  the  general  average  of  adjacent  samples  unless  local  conditions  indicate  other¬ 
wise  . 


In  estimating  ore  reserves,  a  detailed  knowledge  of  the  principal  ore  deposit  of 
the  mine  and  the  relationship  of  the  smaller  ore  bodies  is  requisite.  The  method  of  pro¬ 
jecting  ore  outlines  is  empirically  chosen  in  each  case,  and  therefore  can  not  be  stated. 

DEVELOPMENT  AND  MINING 
Development 

All  exploration,  development  work,  stoping  methods,  tramming,  and  hoisting  equip¬ 
ment  are  planned  with  the  definite  purpose  of  providing  and  maintaining  an  underground  pro¬ 
duction  of  3,000  tons  of  ore  per  day.  To  do  this  it  is  necessary  to  develop  four  new  levels 
every  five  years,  drive  20,000  feet  of  drifts  and  raises,  and  do  25,000  feet  of  diamond 
drilling  yearly. 

The  ore  body  at  the  United  Verde  has  a  definite  rake  to  the  northeast,  so  that  in 
developing  new  levels  in  depth  the  general  location  of  the  ore  is  known.  More  detailed  data 
prior  to  laying  out  the  haulage  drifts  to  the  ore  body  is  secured  in  one  of  two  ways  -  name¬ 
ly,  by  diamond  drill  holes  drilled  down  from  the  lowest  level,  or  by  a  winze  sunk  on  the 
sulphide-schist  contact,  permitting  some  development  during  the  period  of  extending  and  con¬ 
creting  the  main  shaft.  Knowing  the  general  position  of  the  ore  body,  the  main  drifts  from 
the  shafts  are  laid  out  to  intersect  the  center  of  the  ore  body,  which  is  then  developed  as 
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described  under  stoping  methods.  Figure  3,  a  plan  of  a  typical  level,  shows  the  location  of 
the  two  main  shafts  with  respect  to  the  ore  body.  Figure  5  shows  the  general  relation  of 
ore  body,  surface  plant,  and  mine  openings. 

The  mine  is  served  by  two  main  shafts,  both  of  which  have  underground  hoist  rooms 
and  are  of  reinforced  concrete  construction.  No.  6  shaft  is  used  exclusively  for  supplies 
and  men.  It  extends  from  the  500  to  the  3000  level,  which  is  the  bottom  level  at  the  present 
time,  and  is  connected  to  the  mine  surface  plant  by  a  1,600-foot  adit.  The  cage  has  two 
decks,  6  feet  9  inches  wide  by  12  feet  7  inches  long,  and  is  double-tracked,  permitting  tim¬ 
ber  and  steel  to  be  delivered  to  the  various  levels  with  no  transfer  of  materials.  The  ca¬ 
pacity  is  100  men,  or  eight  standard  trucks. 

No.  5  shaft  is  the  main  hoisting  shaft.  All  ore  from  above  the  1000  level  is 
dropped  by  gravity  through  ore  passes  to  loading  bins  on  that  level.  Ore  from  below  the  1000 
level  is  hoisted  and  delivered  to  similar  bins  on  the  same  haulage  level.  Ore  from  the  open- 
pit  operations  is  also  dropped  to  this  level  through  raises.  From  here  all  ore  is  trans¬ 
ported  through  the  Hopewell  tunnel  by  standard-gage,  40-ton  cars  for  a  distance  of  1.8  miles 
to  outside  bins.  From  there  the  mill  and  direct-smelting  ore  is  shipped  to  Clarkdale  over 
the  Verde  Tunnel  and  Smelter  Railroad.  Low-grade  silicious  ore,  leaching  ore,  and  excess 
waste  from  the  shovel  operations  are  delivered  to  dumps  by  25  cubic  yard  dump  cars. 

Mining  operations  extend  from  the  300  level,  at  an  elevation  of  5,207  feet,  to  the 
3000  level,  at  an  elevation  of  2,528  feet.  The  sulphide  mass  above  the  900  level  has  been 
bulkheaded  off  because  of  fire,  which  started  in  1894.  The  greater  portion  of  the  ore  above 
the  600  level  will  be  mined  by  shovel  methods.  Border  ore  outside  of  the  pit  limits  and 
fire-country  ore  above  the  900  level  will  necessarily  be  mined  by  underground  methods  after 
the  pit  has  cooled  the  country  sufficiently  to  permit  mining  operations.  For  this  reason  all 
levels  must  be  maintained  and  kept  open. 

Above  the  1000  level,  the  level  interval  is  100  feet.  One  200-foot  lift  from  the 
1000  to  the  1200  level  proved  this  interval  excessive  because  of  chute  repairs  and  increased 
cost  of  raise  development.  Below  this  horizon  the  level  interval  is  150  feet.  Formerly, 
every  second  level  v/as  planned  as  a  trolley  motor-haulage  level.  Recent  practice  has  been 
to  haul  the  ore  to  the  shaft  on  every  level  with  storage-battery  locomotives.  This  is  more 
economical  than  passing  the  ore  through  transfer  raises  to  the  level  below. 

No.  5  Shaft 


No.  5  shaft.  Figure  4,  is  used  exclusively  for  handling  ore.  It  extends  from  the 
800  to  the  3000  level,  and  is  now  being  sunk  to  the  3600  level.  It  is  of  reinforced  concrete 
construction,  with  two  5  by  5  foot  hoisting  compartments,  and  a  5  by  5  foot  manway  and  pipe 
compartment,  which  is  also  used  in  sinking  operations.  In  the  lower  part  of  the  shaft  8- 
inch,  21-1/2  pound  ship  channels  are  used  for  guides,  and  in  the  upper  portion  of  the  shaft 
3-5/8  by  7  inch  seasoned  Oregon  pine  with  a  wearing  strip  of  1  by  3-5/8  inch  clear  white  oak 
is  employed. 


Shaft  Sinking 


Figure  6  shows  the  general  method  of  sinking  No.  5  shaft.  A  15- foot  pentice  is 
left  below  the  bottom  level  by  sinking  on  the  manway  side  and  widening  out  below.  Tho  shaft 
is  timbered  with  8  by  10  inch  Oregon  pine  shaft  sets,  so  designed  as  to  permit  concreting. 
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using  2-inch  plank  panels  for  forms.  A  32-hole  round  is  used,  and  the  cut  placed  to  take 
advantage  of  the  ground.  The  rounds  are  fired  by  No.  1  to  10  electric  delay  detonators  using 
440-volt  alternating  current.  The  crew  consists  of  three  shaftmen,  one  leader,  one  top  man, 
and  one  hoistman.  The  average  standard  on  which  a  bonus  is  paid  varies  from  0.17  feet  per 
miner  shift  at  the  beginning  of  a  lift  to  0.10  feet  at  a  depth  of  600  feet  below  the  bottom 
level.  The  following  table  shows  the  cost  of  explosives  and  labor: 

Sinking  data.  No.  5  shaft 


Drilling  speed,  inches  per  minute  10 

Number  of  holes .  32  to  35 

Advance  per  round,  feet .  4.5 

Powder  used,  sticks .  260 

Powder  cost  per  foot  advance .  $5.20 

Labor  cost  per  foot  advance .  $31.85 


The  explosive  cost  does  not  include  fuse  or  detonators.  The  labor  cost  includes 
timbering  and  mucking.  The  water  encountered  is  not  serious  and  averages  around  1,000  gal¬ 
lons  per  hour. 

Former  practice  has  been  to  use  a  30  cubic  foot  sinking  bucket,  with  the  usual 
auxilliary  equipment.  Present  practice  is  to  shovel  into  an  18  cubic  foot  pan,  which  is  then 
raised  by  means  of  a  small  air  hoist  and  dumped  into  a  38  cubic  foot  skip.  The  skip  has 
extended  guide  shoes  to  permit  lowering  it  to  the  bottom  of  the  shaft.  The  skip  dumps  auto¬ 
matically  into  a  "dog-hole"  leading  down  to  the  main  skip-loading  pocket.  The  pan  is  much 
easier  to  shovel  into  than  a  bucket,  and  the  skip  eliminates  a  second  handling  on  the  level 
above.  In  addition,  broken  rock  from  cutting  loading-pockets  can  be  drawn  into  the  skips  by 
gravity. 


The  work  of  concreting  the  shaft  is  started  from  the  bottom,  using  2-inch  plank 
panels  for  forms.  The  central  mixing  station  is  located  on  the  500  level,  and  the  concrete 
is  delivered  through  a  5-inch  pipe  line.  Six  hundred  feet  of  shaft  was  concreted  in  five 
months,  using  21  men  on  three  shifts.  The  total  cost  of  concrete  per  cubic  yard  was  $22.50. 

No.  6  Shaft 

No.  6  shaft  is  used  only  for  service  (see  fig.  7).  It  extends  from  the  400 
to  the  3000  level.  Above  the  1950  level  it  is  concreted  solid,  but  below  2-1/2-foot 
concrete  rings  are  placed  at  6-foot  centers.  The  cage  compartment  is  8  by  13  feet,  the  man¬ 
way  compartment  4  by  9  feet  4  inches  and  the  counterbalance  compartment  4  by  3  feet.  A  sub- 
level  at  the  collar  of  the  shaft  on  the  500  level  permits  loading  and  unloading  of  both  decks 
at  one  time  when  handling  the  shift.  The  shaft  is  raised  from  each  level  in  full  section, 
using  a  double  cribbed  manway.  Concreting  is  started  at  the  top  and  carried  down  as  the 
broken  rock  is  pulled  from  below.  Sectional  steel  forms  are  used,  supported  on  4  by  10  inch 
sills  by  means  of  adjustable  hooks  from  the  last  set  poured.  Eighteen  men  on  three  shifts 
will  draw  the  broken  rock,  trim  the  walls,  set  forms,  and  pour  one  ring  every  three  shifts. 

A  comparative  cost  of  the  solid  concrete  and  the  ring  methods  of  construction  for  No.  6  shaft 
is  given  in  the  following  tabulation. 


8893 


10 


F /Sure  8  -  TypKa/ dr/ff  and  crosscut  round 


'  H  '.#**»«  <1^  Ififl 

'^.4^  .  rjj  , 

4<-.y..  V>\;(.4  ;  *  c  **  >f*:/  v  .. 

•-«f‘«-^  c  fril  ‘1^, 


O'*  ^.v.ft-44 


>.i: 


K« 


J'&d -' . . ,,_ 

**4  Iffin.^  .  4^  .-••-l  I  .-  JLK  M^c;. 

'.j  ^Sipit-iik  h6iiK«  jr  rf.it  ^<4.t**’ 


■  j'.H.  ♦«''"1.\< 


1^ 


V  1**  ccir«^<  ^1*  /l^'>ii>rV>i  *• 

1  r\».'a4^i  l««  .4-.'^  j(K-.i«3  .  o?  /.;<..”-£*  j  ••  K' 

.*>■  ivitu^MLi  rggjtj*  *' 


vvw^ 


i  Lit  ', 


'  >!  i'J 


I. C. 6440. 


Comparison  of  cost  of  solid  concrete  and  concrete-ring  methods  of  shaft  construction 


1 

1 

Excavation 

Concrete 

Total 

Method 

I  Concrete 

mix  1  Feet 

per  foot 

per  foot 

per  foot 

Solid 

1:3 

:  5  [1,550 

$68.17 

$146.84 

$215.01 

Ring 

I  1  2_ 

:  4  1 1.050 

77.11 

1  50.11 

127.22 

Saving 

per  foot 

by  ring  method 

87.79 

Detailed  costs  —  concreting  bv  ring  method 

Excavation 

per  foot 

Concreting 

per  foot 

Labor 

$52 . 07 

$16.60 

Shops 

0.26 

5.90 

Supplies 

7.68 

26.51 

Engineers 

- 

1.05 

Explosives 

8.47 

- 

Compressed  air 

2.08 

- 

Repairs 

6.55 

- 

Misoellaneous 

— 

0.05 

Total 

$77.11 

$50.11 

Cost  of  concrete  per  cubic  yard  poured  Solid  =  $61.30;  Ring  =  $58.80. 


The  above  costs  do  not  include  steel  work,  ladders,  or  pipe  lines. 

Drilling  and  Blasting 

There  is  such  a  wide  variation  in  the  class  of  ground  encountered  that  drilling 
speeds  vary  from  4  to  48  inches  per  minute.  The  following  is  a  tabulation  of  drilling  speeds 
in  the  various  formations,  taken  with  a  CP-6  drifter: 


Rock  formation 

Drilling  speed,  inches  per  minute 

Massive  sulphide 

4  to  8 

Silicious  massive  sulphide 

6  to  10 

Black  schist 

24  to  48 

Porphyry 

10  to  30 

The  wide  variation  in  drilling  speed  in  the  black  schist  results  from  the  different 
degrees  of  alteration  of  the  rock,  whereas  in  the  porphyry  it  is  caused  by  the  varying 
amounts  of  quartz. 

The  breaking  qualities  of  all  the  rocks  depend  on  many  local  geological  factors  and 
vary  greatly.  No  definite  statement  can  be  made  concerning  any  of  them  except  that  the 
black  schist  usually  breaks  quite  fine.  The  breaking  quality  of  the  massive  sulphide  is 
apparently  affected  most  by  the  copper  content:  The  higher  the  copper  content  the  finer  the 
fragmentation.  The  siliceous  massive  sulphide  seems  to  follow  no  rules.  The  porphyry,  al- 
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though  not  the  hardest  rock,  is  undoubtedly  the  toughest  and  the  most  diffioult  one  in  which 
to  get  a  good  fragmentation  except  where  it  is  altered  or  already  broken  by  small  slips  or 
j  oints . 


A  145-pound  mounted  drifter  is  used  for  practically  all  drifting  and  stoping. 
Several  makes  of  stopers  are  in  use  for  raising,  both  hand  and  self  rotated.  Two  makes  of 
light  (38  and  52  pound)  jackhammers  are  used  for  plugging  and  a  65-pound  hand-held  machine 
for  sinking.  All  drills  are  of  the  wet  type. 

Three  sizes  of  drill  steel  are  used:  7/8-inch  quarter-octagon  for  jackhammers  and 
stopers  in  soft  ground;  1-1/4-inch  hollow-round  for  all  Leyner-type  machines;  and  1-inch 
quarter-octagon  for  stopers  in  hard  ground.  The  double-taper  cross  bit  with  5  and  14°  taper 
is  standard  for  all  steel.  Starters  are  30  inches  long,  with  1-7/8-inch  gage.  Length  chan¬ 
ges  are  in  multiples  of  10  inches,  with  1/16-inch  gage  change.  Columns  and  crossbars  are 
made  from  3-inch  extra  heavy  pipe. 

Two  sizes  of  hose  are  used:  1/2  inch  for  water,  and  1  inch  for  all  air  hoses.  All 
hose  is  provided  with  standard  lugged  couplings  and  spuds  which  fit  all  types  of  machines 
and  1-inch  pipe  lines.  Damaged  hose  is  brought  to  the  surface  for  repairs  and  mended  by 
means  of  a  compressed-air  device,  which  cuts  the  hose,  inserts  nipples,  and  wraps  the  joint 
with  wire.  Another  mechanical  device  forms  the  wire  loops  for  wrapping  joints. 

Fifty  per  cent  strength  gelatin  dynamite  in  1-1/8  by  8  inch  sticks  is  used  in  sul¬ 
phide  and  porphyry,  and  35  per  cent  in  schist  and  for  all  plugging.  A  smooth,  black-finish, 
cotton-countered  safety  fuse  is  used  in  4  and  5  foot  lengths  for  blockholing  and  in  7  to  9 
foot  lengths  for  development  and  stoping.  No.  6  and  No.  8  detonators  are  used  with  35  and  50  per 
cent  strength  gelatin  dynamites  respectively.  Electric  blasting  is  employed  in  all  shaft 
sinking  and  in  drifts  starting  from  shafts  and  winzes.  Primers  are  delivered  to  the  under¬ 
ground  fuse  magazines  in  wood-lined  containers  made  of  carbide  cans  and  provided  with  hinged 
covers.  Stemming  consists  of  a  clayey  silt  in  paper  cartridges  and  is  used  in  all  hard 
ground. 


Bowlders  are  blasted  during  lunch  hour,  and  stope  and  drift  rounds  are  blasted 
only  when  the  men  are  going  off  shift.  An  electric  signal  system  between  levels  serves  to 
eliminate  the  danger  of  blasting  by  a  clearance  signal  from  the  level  above.  This  signal 
system  is  essential  because  of  the  danger  from  sulphur  dioxide  and  hydrogen  sulphide  formed 
by  blasting  in  heavy  sulphides. 


Drifts  and  Crosscuts 


Main  drifts  and  crosscuts  are  carried  6  by  8  feet  in  cross  section  in  untimbered 
sections  and  5  by  7  feet  where  timbered.  Gangways  under  stopes,  when  timbered,  are  carried 
5  by  10  feet  in  the  clear.  When  air  conditions  are  conducive  to  decay,  the  timber  is  treated 
with  zinc  chloride.  Only  about  5  per  cent  of  the  drifts  require  timbering  at  the  time  of 
driving,  and  these  are  drifts  in  the  area  of  the  Verde  fault  and  a  few  drifts  in  greenstone. 
Drift  sets  are  usually  made  of  10  by  10  inch  Oregon  fir,  but  occasionally  8  by  8  inch  or  12 
by  12  inch  is  used,  as  required  by  the  pressure. 

The  number  of  holes  and  type  of  round  vary  greatly,  depending  on  the  character  and 
hardness  of  the  ground.  The  rounds  most  commonly  used  are  the  V-cut,  toe  cut,  and  upper  cut. 
In  any  of  these  rounds,  the  number  of  holes  will  vary  from  10  to  28.  Figure  8  shows  a  typ¬ 
ical  round  for  a  6  by  8  foot  drift. 
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All  drifts  are  worked  two  8-hour  shifts  per  day.  A  miner  drilling  with  one  ma¬ 
chine,  using  a  vertical  bar,  usually  drills  and  blasts  in  one  shift.  Two  muckers  clean  the 
drift  on  the  opposite  shift.  In  extremely  hard  sulphide  it  occasionally  requires  as  much  as 
four  drilling  shifts  to  get  in  a  round.  The  average  drift  requires  136  sticks  of  1-1/8  by 
8  inch  50  per  cent  strength  gelatin  dynamite  to  the  round.  Drilling  and  breaking  in  drifts 
are  done  on  contract,  which  includes  labor  and  explosives.  The  mucking  is  done  under  the 
bonus  system. 


Raises 

Raises  between  levels  are  6  by  11  feet  in  section,  and  the  manway  side  is  carried 
up  with  single  native-pine  5  by  8  inch  cribbing  with  56-inch  inside  clearance.  The  number 
of  holes  required  depends  on  the  character  and  hardness  of  the  ground,  but  will  average  about 
22.  The  cut  is  drilled  over  the  chute  side,  as  shown  in  Figure  9.  Material  is  handled  to 
the  face  by  either  a  column-type  Little  Tugger  or  an  Anaconda-type  air  hoist,  used  with  a  12 
by  14  inch  by  4-foot  steel  bucket  and  3/8-inch  steel  cable. 

The  miners  are  on  contract;  they  drill  and  blast  two  rounds,  then  raise  the  crib¬ 
bing  to  within  7  feet  of  the  back.  The  regular  motor  crews  draw  the  broken  material  on  the 
opposite  shift  from  the  miners.  Two  miners  work  in  each  raise  one  8-hour  shift  daily.  The 
average  round  requires  144  sticks  of  1-1/8  by  8-inch  50  per  cent  gelatin  dynamite. 

Adit 

The  main  adit  on  the  500  level,  which  connects  the  surface  plant  to  No.  6  shaft, 
is  1,600  feet  long;  400  feet  is  untimbered  and  the  remaining  1,200  feet  is  timbered  with  10 
by  10  inch  Oregon  pine  sets,  8  by  9  feet  in  the  clear,  spaced  on  5-1/2-foot  centers.  All 
timber  and  lagging  have  been  partly  covered  with  diamond-mesh  wire  and  gunited  for  fire  pro¬ 
tection. 


Hopewell  Tunnel,  on  the  1000  level,  is  the  main  ore-haulage  level,  and  connects  the 
underground  and  shovel  pit  with  the  outside  transfer  and  storage  bins  on  the  V.  T.  &  S. 
Railroad,  The  adit  is  10  by  13  feet  in  the  untimbered  portions;  2,700  feet  is  timbered  with 
10  by  10  inch  Oregon  pine,  at  5-1/2  feet  on  centers.  The  sets  are  9  feet  high,  with  10-foot 
caps;  the  posts  are  battered  to  give  a  12-foot  width  at  the  sill. 

The  adit  is  now  being  extended  and  the  heading  is  carried  10  by  11  feet  and  is 
untimbered.  The  width  is  limited  by  the  amount  of  broken  rock  which  may  be  gotten  out  in  two 
shifts.  The  additional  3-1/2  feet  will  be  "sideswiped. "  Figure  10  shows  the  round  used. 
The  10  by  11  foot  heading  is  drilled  with  two  machines  mounted  on  separate  columns,  the 
drilling  and  blasting  being  done  on  one  shift.  The  round  is  cleaned  out  on  the  opposite 
shift  with  a  mechanical  loader.  Approximately  136  sticks  of  1-1/8  by  8  inch  50  per  cent 
strength  gelatin  dynamite  are  used  to  the  round. 

Mechanical  Loading 

A  portable  loading  dock,  equipped  with  a  double  drum,  column-type  hoist,  with  a 
hoe-type  scraper,  has  been  used  for  loading  in  drifts,  but  has  not  proved  entirely  satis¬ 
factory.  It  is  found  more  economical  to  load  by  hand  in  drifts  which  can  be  cleaned  in  one 
shift  by  two  men.  A  compressed  air  operated  mechanical  loader  is  used  in  large  drifts,  pump 
sumps,  hoist  rooms,  and  occasionally  in  6  by  6  foot  headings. 
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Scrapers  have  been  used  to  good  advantage  in  stope  sills  where  the  chute  spacing 
is  irregular,  and  in  spreading  waste  under  favorable  conditions.  The  two-drum  air  hoist  has 
been  replaced  by  a  three-drum  electric  type,  using  two  cables  on  the  pull  back.  This  permits 
the  scraper  to  be  moved  in  any  position  without  constantly  changing  the  tail  block.  Because 
scrapers  under  certain  conditions  tend  to  tear  up  the  plank  flooring,  they  have  not  been  used 
to  any  extent  in  stoping  operations. 


Stoping 

Although  several  mining  methods  are  employed  in  the  mine,  over  85  per  cent  of  the 
ore  is  extracted  by  two  methods,  namely — horizontal  cut-and-fill  and  horizontal  square-set. 
The  other  methods  are  used  for  exceptional  conditions,  such  as  in  the  recovery  of  level  and 
vertical  pillars  and  small,  odd-shaped,  isolated  ore  bodies. 

The  table  below  gives  the  percentage  of  ore  extracted  by  the  various  methods  in 

1929: 


Horizontal  cut-and-fill  61  per  cent 

Inclined  cut-and-fill ....  3  per  cent 

Horizontal  square-set  .  .  25  per  cent 

Inclined  square-set .  2  per  cent 

Shrinkage .  1  per  cent 

Top  slice .  8  per  cent 

Total .  100  per  cent 


Horizontal  Cut-and-Fill 

In  the  development  of  a  level,  regardless  of  the  stoping  method  to  be  used,  a 
drift  is  driven  along  the  sulphide-schist  contact.  The  former  practice  of  following  the  con¬ 
tact  resulted  in  a  very  crooked  drift,  with  difficult  haulage  conditions.  As  stated  before, 
present  practice  is  to  drive  in  the  schist,  near  the  contact  and  roughly  paralleling  it  by 
the  use  of  easy  curves  and  short  tangents.  From  this  drift  the  necessary  raises  and  chutes 
are  run  for  stoping  operations.  In  some  places  the  ore  body  is  so  wide  that  two  parallel 
drifts  are  necessary  to  secure  the  proper  chute  spacing  in  the  stopes.  One  of  these  parallel 
drifts  is  necessarily  driven  in  the  hard  massive  sulphide  at  a  high  cost  per  foot. 

The  practice  at  one  time  was  to  sill  out  either  on  the  level  or  10  feet  above  the 
track,  and  then  put  in  a  timbered  gangway  and  chutes.  This  involved  a  high  first  cost  for 
timbering  and  also  a  high  maintenance  cost,  and  was  discontinued  in  cut-and-fill  raining,  al¬ 
though  a  somewhat  similar  procedure  is  still  followed  in  square-set  mining.  The  more  recent 
practice  is  to  drive  an  untimbered  drift  on  the  level  and  sill  the  stope  at  from  21  to  25 
feet  above  the  rail,  depending  upon  the  strength  of  the  ground  over  the  back  of  the  drift 
(see  fig.  11) . 

Due  to  the  great  variation  in  the  width  of  the  ore  body  and  the  irregularity  of  ore 
outlines,  it  is  not  possible  to  establish  any  fixed  dimensions  for  the  cut-and-fill  stopes. 
They  are  all  opened  up  to  what  is  considered  the  maximum  size  consistent  with  safe  mining 
conditions,  both  as  regards  the  workmen  and  the  physical  condition  of  the  mine.  This  varies 
from  30  to  160  feet  across  the  ore  body  and  from  60  to  200  feet  along  the  strike.  These 
dimensions  are  also  affected  by  the  necessity  for  maintaining  regularity  in  the  vertical 
pillar  system  (see  fig.  12). 


8893 


14  - 


I 


mm 


iHB 


padd)j)«  eu)oo|J3 


dyil/d  lV0lld3A 


, 


1..  ••  •' 

■  1  '  ■ 

: .  -Jr.- 


V- 


'V  ^  .«  -:  •  ••►•  - 


*  r  i 


•sv.  v,  .< 


—  •  ., .  -  -  •  •  •-.  . 
■-?,e  -- 


!•  • 


i 

I  I 


■r 


9 


F/sure/^.-Diagrammark:  secr/o/)  /500roP400/e/e/s.  s/)om/?g p///drarra/^/7?e/?r  hgure/S.-Typ/ca/  cur-ancf-F///  stope.  skowPg  dr/Pr, 

c/>(jfe.  a/)dra/se  /ayouf 


SM  . 


iVasfe  raise  fo 
leve/above 


P///ar//oe 


fygureAf.-P/p/?  of /yp/09/a/P3/H/-M s/ope, 
shomOg  c/>(/fes 


standard  grizz/y- 


% 


% 


dj/tt/DjdQjjopjepue^^-S/djnBu 


I 


I 


.rzr 


"Vj 

"3 

V 

§ 

« 

•s. 

1 

> 

1 

•Vi 

"3 

''.IS 

1  1 

1? 

.?/T 

ior\ 

•I 


MI 


<*3 

t 

& 


>’ 


5 

<0 

,H 

V 


m 


k3 

I 

I 


Jo//?  t  B  ngure/6.  -  Six  posr  offser  c/zare  us//?g  sguare-ser 


I 


•v  ' 

1 

^  i  1 

■1 

■\:-V 

.*  Jk.^  ’ 

it-  ■•^-. 

-i: 

*  * 

•  \\f 

!N-  t 

■  I. 

•  ♦ 

1 

•  "vv  •>*' 

'  r, 

.  ..A  i-U 

•  • 

■  i  ft 
.'lAX-'-j:  viX 

u 


♦ 


I'Z 


■r 


-i 


< ;  JT- 


I. C. 6440. 


The  method  employed  in  laying  out  and  preparing  a  block  of  ore  for  sloping  is, 
first,  to  drive  the  contact  drift  and  determine  by  diamond  drilling  the  approximate  ore 
boundaries.  After  this  is  done,  the  vertical  pillar  scheme  and  the  size  of  the  slopes  is 
determined.  The  next  step  is  to  dri've  a  raise,  which  will  later  serve  as  a  waste  raise, 
through  to  the  next  level.  This  is  a  standard  6  by  11  foot  raise,  with  a  cribbed  manway  com¬ 
partment,  the  chute  side  being  left  untimbered.  This  raise  is  usually  located  as  near  the 
center  of  the  slope  as  possible,  as  shown  in  Figure  13.  In  the  smaller  slopes  only  one  waste 
raise  is  used,  but  in  slopes  100  feet  or  more  in  length,  two  raises  are  used  in  order  to  in¬ 
sure  continuous  production  and  to  provide  better  ventilation,  the  second  raise  being  placed 
near  one  end  of  the  slope  (see  fig.  14) . 

Where  two  raises  are  used,  the  timber  is  stripped  from  both  of  them,  but  where  only 
one  is  used,  the  timber  is  left  in.  This  insures  a  ventilation  outlet  from  the  slope  through 
the  manway  compartment  even  while  the  raise  is  being  used  for  filling.  In  the  case  of  the 
two-raise  slope,  only  one  of  the  raises  at  a  time  is  used  for  waste  fill,  the  other  being 
left  open  for  ventilation,  and  they  are  used  alternately  to  meet  the  requirements  of  filling. 

After  completion  of  the  waste  raise,  silling  operations  are  started  from  this  raise 
21  to  25  feet  above  the  rail.  The  sill  floor  is  made  7  feet  high.  At  the  same  time  chute 
raises  are  started  from  the  drift  and  driven  1  or  2  feet  above  the  level  of  the  sill,  so  that 
as  the  sill  advances  the  raises  are  easily  found.  The  chute  spacing  is  16-1/2  feet  center 
to  center  in  the  massive  sulphide  and  22  feet  in  the  schist  and  porphyry.  The  closer  spacing 
is  used  in  the  massive  sulphide  for  two  reasons:  The  ore  is  very  heavy  and  the  throwing 
distance  with  the  shovel  must  be  reduced;  also,  it  breaks  into  fragments  with  very  sharp 
edges,  causing  excessive  wear  on  timbered  chutes.  Double  10  by  12  inch  stringers,  upon  which 
to  rest  chute  cribbing  or  one  type  of  offset  chute  (figs.  15  and  16)  are  placed  over  the 
chute  raises  so  that  the  top  of  the  upper  stringer  is  level  with  the  stope  flooring  (fig. 
17  A) .  On  these  stringers  is  placed  a  grizzly  of  60-pound  rails,  ball  down,  with  11-inch 
openings.  This  grizzly  is  for  use  in  mining  the  second  cut,  and  is  removed  before  raising 
the  chute  and  replaced  for  each  successive  cut.  Figure  18  shows  the  method  of  timbering  a 
single  chute,  and  the  spacing  blocks  for  grizzly  rails.  Figure  20  illustrates  the  standard 
two-compartment  cribbed  chute. 

After  the  sill  has  reached  the  pillar  lines  and  the  ore  limits,  a  second  7-foot  cut 
is  started  from  the  waste  raise.  In  stopes  having  two  waste  raises,  the  cut  is  started  from 
the  raise  near  the  end  of  the  stope.  All  drilling  is  done  with  a  drifter,  using  two  rows  of 
flat  holes  for  the  7-foot  cut.  As  many  holes  as  can  be  used  effectively  are  drilled  from 
each  set-up  by  fanning  them  out.  These  holes  average  about  7  or  8  feet  in  depth.  They  are 
loaded  with  50  per  cent  strength  gelatin  dynamite,  and  detonated  with  No.  8  blasting  deto¬ 
nators  . 


The  ore,  particularly  the  massive  sulphide,  breaks  with  about  30  per  cent  of  the 
fragments  too  large  to  pass  through  the  11-inch  grizzly  opening,  thus  necessitating  consider¬ 
able  secondary  blasting.  Spacing  the  holes  closer  in  the  primary  blasting  has  been  tried 
with  the  hope  that  it  would  give  a  better  fragmentation,  but  it  resulted  only  in  a  lot  of 
cut-off  holes  and  much  powder  left  in  the  muck  pile.  The  secondary  blasting  is  done  with 
35  per  cent  strength  gelatin  dynamite  and  consumes  20  per  cent  of  the  total  explosives  used. 

For  each  cut  a  temporary  shoveling  floor  of  2-inch  planks  5  feet  4  inches  long  is 
laid.  This  floor  is  recovered  after  shoveling  is  completed.  The  broken  planks,  which  do 
not  exceed  10  per  cent  of  the  total,  are  used  in  slabbing  the  outside  of  the  chutes,  and  the 
unbroken  boards  are  used  again  in  the  next  floor. 
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After  two  or  three  rounds  have  been  blasted  on  the  new  cut,  shoveling  operations 
are  started  and  follow  at  from  10  to  25  feet  behind  the  mining  to  the  end  of  the  stope. 
About  2  per  cent  of  the  ore  broken  is  sorted  out  as  waste  by  the  shovelers,  who  are  allowed 
90  cents  a  ton  for  waste  sorted.  As  soon  as  the  shovelers  pass  a  chute  and  there  is  no  more 
ore  to  go  into  it,  the  timbermen  raise  the  chute  7  feet  and  filling  is  started.  To  start 
filling,  enough  waste  fill  is  dumped  down  the  waste  raise  directly  into  the  stope,  and  level¬ 
ed  off  by  hand,  to  form  a  bench  large  enough  for  the  erection  of  a  bulkhead  waste  chute 
(fig.  19).  Filling  is  done  by  hand-tramming  in  specially  designed  scoop  cars  (fig.  21)  run 
on  sectional  track  (fig.  22)  laid  on  the  fill. 

Before  introducing  the  first  fill,  a  sill  floor  is  laid,  consisting  of  4  by  12 
inch  sills  at  5-foot  4-inch  centers,  and  a  double  floor  of  2-inch  planks  10  feet  8  inches 
long  placed  so  as  to  break  joints. 

Along  the  pillar  line  a  gob  fence  (fig.  17  B)  is  built  on  each  floor  before  the 
introduction  of  waste.  This  fence  is  built  of  6  by  8  inch  posts  8  feet  long,  spaced  3  feet 
7  inches  center  to  center,  covered  with  2-inch  planks  7  feet  2  inches  long  with  staggered 
joints. 


The  vertical  section  shown  in  Figure  11  illustrates  the  sequence  of  operations  in 
cut-and-fill  mining. 


Filling 

The  material  used  for  filling  is  the  waste  rock  from  stripping  operations  in  the 
shovel  pit  and  the  waste  from  underground  development  work.  It  consists  mainly  of  diorite 
and  porphyry,  some  of  it  being  quite  fresh  and  consequently  coarse,  with  enough  fines  to 
fill  all  voids.  This  waste  is  delivered  to  the  various  levels  through  two  main  waste  raises, 
one  directly  from  the  shovel  pit  and  the  other  from  the  Hopewell  haulage  tunnel.  Because  of 
the  distance  the  waste  falls  in  these  raises,  which  are  intentionally  kept  empty  at  the  top, 
considerable  crushing  action  takes  place;  the  waste  as  delivered  to  the  stopes  is  consider¬ 
ably  finer  than  when  dumped  into  the  tops  of  the  raises.  Only  waste  which  is  practically 
free  from  sulphur  is  used,  a  necessary  precaution  on  aocount  of  the  great  fire  hazard  in  this 
mine . 

From  the  main  waste  raises  the  waste  is  trammed  by  the  same  equipment  that  hauls 
the  ore,  to  the  tops  of  the  waste  raises  leading  from  the  stopes,  and  is  spread  in  the  stopes 
as  described  above. 

No  effort  is  made  to  tamp  the  waste.  The  action  of  the  water  from  the  drills  seep¬ 
ing  downward  and  the  force  of  the  falling  ore  from  blasting  cause  a  settlement  of  about  8 
inches  for  each  7-foot  layer  of  fill.  Subsequent  settling  in  old  stopes  is  very  slight. 
The  result  is  a  well  compacted  waste  fill  which  offers  very  little  difficulty  in  later  mining 
operations  in  the  removal  of  either  the  level  or  vertical  pillars. 

Inclined  cut-and-fill  stoping  has  been  used  in  a  few  special  cases  where  the  con¬ 
ditions  seemed  to  warrant  the  change  from  the  horizontal  method,  as  for  example,  in  the  ex¬ 
traction  of  level  pillars  where  the  weight  on  a  flat  back  and  square  brow  had  to  be  relieved 
or  square-setting  resorted  to,  or  in  a  few  isolated  ore  bodies  whose  general  shape  makes  in¬ 
clined  work  preferable  to  horizontal. 
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In  developing  an  inclined  cut-and-fill  slope,  a  waste  raise  is  driven  at  the  end 
that  is  to  be  carried  as  the  top  of  the  incline.  Then  the  whole  area  to  be  sloped  is  silled 
horizontally.  In  some  cases  where  the  slope  is  to  be  of  considerable  size,  chutes  are  placed 
throughout  the  sill  as  in  horizontal  cut-and-fill.  These  chutes,  except  those  at  the  oppo¬ 
site  end  from  the  waste  raise,  are  later  bulkheaded  and  abandoned  when  the  toe  of  the  incline 
Iras  passed  them.  After  silling  operations  are  complete,  two  cuts  inclined  at  40°  from  the 
horizontal  are  taken  at  the  waste  raise.  This  is  followed  by  filling,  then  another  cut  is 
mined  and  filled,  and  so  on  until  the  incline  is  fully  established  and  the  toe  of  the  fill 
has  reached  the  chutes  at  the  end  of  the  slope. 

When  the  incline  is  established,  a  row  of  square  sets  is  placed  along  the  wall  over 
the  chutes  for  the  protection  of  the  shovelers  (see  fig.  23)  .  A  horizontal  cut  is  next 
taken  from  the  back,  starting  at  the  wall  and  meeting  the  incline.  The  incline  is  then  mined 
from  the  bottom  up,  usually  beginning  in  the  center  and  carrying  the  bench  up  as  an  inverted 
V.  After  the  cut  is  completed  and  the  broken  ore  removed,  the  new  floor  is  started  at  the 
bottom  and  placed  at  an  angle  about  3°  steeper  than  the  natural  angle  of  repose  of  the  waste 
fill.  Only  5  to  10  feet,  measuring  along  the  incline,  of  floor  is  placed  at  a  time,  and 
waste  fill  is  introduced  at  the  top  of  the  incline.  This  method  insures  a  compact  fill  under 
the  floor  and  reduces  the  breakage  of  flooring  to  less  than  10  per  cent  (see  fig.  24).  The 
fill  is  introduced  Ihrough  a  raise  at  the  top  and  trammed  along  the  crest  in  scoop  cars. 

This  method  is  considerably  cheaper  than  the  horizontal  cut-and-fill,  but  on  ac¬ 
count  of  difficulties  in  sorting  waste  and  placing  bulkheads  under  slabs  in  the  back  it  is 
not  applicable  to  all  ground  in  this  mine. 

Shrinkage 

Shrinkage  sloping  is  used  only  to  a  very  limited  extent  in  the  main  ore  body  be¬ 
cause  of  the  necessity  of  subsequently  building  gob  fences  and  filling  with  waste  with  an 
attendant  accident  risk.  Consequently,  shrinkage  is  now  used  only  in  isolated  ore  bodies  in 
the  massive  sulphide  where  the  standing  quality  of  the  ground  is  excellent. 

Although  there  are  two  methods  of  developing  shrinkage  slopes,  the  operation  of  the 
slope  in  either  case  is  the  same.  One  method  is  shown  in  Figures  25  and  26  and  the  other  in 
Figures  27  and  28. 

In  either  method,  the  slope  is  silled  in  the  same  manner  as  a  cut-and-fill  slope, 
and  successive  7-foot  cuts  are  mined,  starting  at  the  raise,  and  using  flat  holes.  The  small 
cut  is  used  to  avoid  burying  large  bowlders  so  deeply  that  they  can  not  be  drilled  and  blast¬ 
ed  before  being  drawn  down.  Just  enough  ore  is  drawn  to  allow  comfortable  working  room 
between  the  broken  ore  and  the  back. 

After  completion  of  breaking,  the  back  of  the  slope  is  carefully  barred  down  and 
in  some  cases  gunited  to  insure  a  safe  back  until  the  slope  can  be  drawn  empty  and  filled. 
During  the  drawing-off  operations,  men  are  kept  in  the  slope  to  bar  down  the  walls  and  leave 
them  in  safe  condition.  After  the  slope  is  drawn  empty  the  chutes  in  the  bottom  are  bulk¬ 
headed,  and  the  slope  is  floored  in  the  same  manner  as  cut-and-fill  slopes.  Filling  then 
begins  by  dumping  directly  from  the  level  above.  As  the  filling  progresses  gob  fences  are 
built  against  any  ore  walls  that  may  be  in  the  slope. 

This  method  is  approximately  10  cents  per  ton  cheaper  than  cut-and-fill  sloping. 
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but  on  account  of  the  high  accident  risk,  particularly  during  the  filling  period,  it  is  not 
used  except  where  conditions  are  ideal. 

Horizontal  Square-Set 

Square-setting  is  used  in  the  extraction  of  the  vertical  pillars  between  cut-and- 
fill  stopes,  and  also  in  some  areas  in  the  main  stopes  where  the  ground  is  heavy.  The  sizp 
of  square-set  stopes  varies  considerably.  In  the  vertical  pillars  the  sections  are  neces¬ 
sarily  small,  rarely  exceeding  35  sets  in  area,  while  in  the  main  stopes  there  may  be  as 
many  as  250  sets  on  a  floor.  The  sets  are  5  feet  6  inches  square  by  7  feet  2  inches  high. 
The  timber  used  is  all  10  by  10  inch  native  pine.  The  shoveling  floor  is  made  of  2-inch 
plank,  and  the  working  floor  of  3-inch  plank  held  on  by  2  by  2  inch  lagging  strips  nailed  to 
the  caps  and  girts. 

The  operation  of  the  stope  follows  the  usual  square-set  and  fill  practice  (see  fig. 
29).  Never  more  than  two  floors  are  opened  at  a  time,  and  the  fill  is  kept  as  close  behind 
the  muckers  as  possible.  The  fill  is  introduced  through  a  raise  to  the  level  above,  and 
distributed  in  the  stope  by.  means  of  narrow  end-dump  cars  running  on  sectional  track  with 
short-radius  curves  so  as  to  obviate  the  necessity  of  turntables  or  turnsheets  in  the  stope. 
The  narrow  car  and  special  track  allow  plenty  of  olearance  between  the  car  and  the  posts. 

An  adaptation  to  square-set  practice  of  the  chute  shown  in  Figure  30  is  used  to 
reduce  the  number  of  chutes  and  to  shorten  the  shoveling  distance. 

Figure  31  shows  the  method  of  offsetting  a  main  chute  when  it  becomes  necessary 
due  to  an  offset  in  the  ore  limits. 


Inclined  Square-Set 

As  shown  in  Figure  32,  the  inclined  square-set  method  is  used  principally  in  the 
extraction  of  level  pillars.  Its  main  advantages  are  an  increased  tonnage  from  a  given  area, 
and  a  lower  cost  per  ton  as  compared  with  horizontal  square-setting.  It  also  has  the  ad¬ 
vantage  that  there  is  less  weight  in  the  brow,  since  there  is  no  large  square  brow  at  any 
place.  The  only  serious  disadvantage  is  the  difficulty  in  sorting. 

Such  a  stope  is  started  from  a  raise  in  the  center  of  the  stope,  usually  by  taking 
out  four  rows  of  sets  on  the  second  floor  and  two  on  the  third  before  any  fill  is  introduced. 
After  the  incline  is  established,  sloping  on  each  new  cut  is  started  at  the  bottom  and  pro¬ 
gresses  upward  to  the  crest.  One  side  of  the  rill  is  mined  while  the  other  side  is  being 
filled.  The  mining  procedure  is  similar  to  that  for  any  other  square-set  stope;*  the  only 
additional  precaution  necessary  is  that  more  care  must  be  exercised  in  the  side  blocking  to 
prevent  the  side  thrust  of  the  waste,  which  is  confined  to  a  steeper  angle  than  its  natural 
angle  of  repose,  from  causing  a  side  movement,  and  distortion  of  the  sets.  The  greatest  con¬ 
tributing  factor  to  the  success  of  this  sloping  method  has  been  the  way  in  which  the  floor 
has  been  placed  and  the  waste  introduced.  This  is  shown  in  Figure  33.  The  floor  is  placed 
at  a  slightly  steeper  angle  than  the  angle  of  repose  of  the  waste,  so  that  when  the  waste  is 
dumped  in  at  the  crest,  little  or  no  tamping  of  waste  under  the  floor  is  necessary.  There 
are  a  few  voids  occasionally  under  the  caps  which  have  to  be  hand-filled. 

Top  Slicing 

The  top-slicing  method  has  been  used  only  in  a  special  case  in  the  extraction  of 
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a  caved  level  pillar  over  an  old  cut-and-fill  slope  of  considerable  area.  The  method  is  not 
applicable  to  the  usual  conditions  at  the  United  Verde  on  account  of  the  high  sulphur  content 
of  the  ore  and  its  accompanying  fire  hazard.  In  the  instance  noted  it  was  necessary  to 
slice  under  a  diorite  fill  with  very  little  binding  material  in  it,  and  at  the  same  time  to 
prevent  caving  of  the  hanging  wall.  For  this  reason  the  old  slopes  above  were  kept  fully 
filled  as  slicing  progressed,  which  effectively  prevented  any  major  caving  of  the  hanging 
wall . 


Because  of  the  caving  of  so  large  an  area,  all  chutes  in  that  area  were  crushed  and 
entirely  lost.  This  made  it  necessary  to  run  raises  near  each  wall  and  drive  panel  drifts 
from  them  to  the  center  of  the  slope,  where  actual  sloping  was  started.  The  slope  panels 
are  mined  by  retreating  from  the  center  to  the  raises  on  each  wall,  the  ore  being  shoveled 
into  scoop  cars  and  trammed  to  the  raises.  Never  more  than  25  feet  in  length  of  panel  is 
open  at  a  time. 

The  panel  drifts  are  driven  untimbered  about  4  by  6  feet  in  cross  section  and  35 
feet  center  to  center.  The  slices  are  11  feet  high. 

A  very  tight  floor  is  laid  by  placing  4  by  12  inch  sills  at  5-foot  4-inch  centers 
at  right  angles  to  the  panel  drifts  and  laying  a  double  2-inoh  floor  on  top  of  them.  The 
posts  are  10  to  14  inch  native  pine  unpeeled  poles,  and  are  placed  at  approximately  5-foot 
4-inch  centers  with  6  by  12  inch  head-blocks,  and  are  so  placed  under  the  sills  of  the  floor 
above . 


Both  primary  and  secondary  blasting  of  the  ore  are  done  with  gelatin  dynamite  and 
gutta-percha  fuse,  but  because  of  the  fire  hazard  the  slices  are  shot  down  with  a  special 
permissible  powder  and  electric  detonators. 

This  method  is  cheaper  than  square-setting,  and  the  tonnage  it  is  possible  to  remove 
in  a  given  time  is  much  greater.  The  latter  factor  was  the  controlling  one  in  the  adoption 
of  top  slicing  for  this  particular  stope. 

Details  of  the  stope  layout  are  shown  in  Figures  34,  35,  and  36. 

Underground  Transportation 

Hand  Tramming 

Hand-tramming  is  used  on  the  levels  only  where  the  hauls  are  short  and  the  tonnage 
insufficient  to  keep  a  motor  crew  busy.  It  is  also  used  in  sublevel  gangways  where  a  trans¬ 
fer  of  stope  ore  is  more  economical  than  would  be  the  raises  or  drifts  necessary  to  develop 
irregular  offsets  in  the  ore  body.  Figure  21  shows  an  18  cubic  foot  scoop-type  car  developed 
for  this  purpose.  It  is  used  with  16-pound,  18-inoh  gage  sectional  track  on  steel  ties  as 
shown  in  Figure  22.  This  car  is  also  used  for  spreading  waste  in  stopes. 

Motor  Haulage 

Praotically  all  tonnage  is  handled  from  the  stopes  to  No.  5  shaft  by  motor  haulage. 
The  length  of  haul  averages  1,000  feet.  Trolley  locomotives  have  been  largely  replaced  by 
4  and  6  ton  storage-battery  locomotives,  which  handle  sixteen  to  eighteen  30-cubic  foot 
rocker-bottom  cars.  These  cars  weigh  2,500  pounds,  and  are  equipped  with  12-inch  roller- 
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bearing  wheels.  A  particular  feature  of  this  car  is  a  double  trunnion,  which  gives  a  minimum 
overhang  in  the  dumping  position  and  permits  dumping  in  the  standard  width  gangways  when 
handling  waste  for  stope  fill.  The  car  is  dumped  by  means  of  a  piece  of  drill  steel,  one  end 
of  which  is  inserted  in  a  shallow  hole  in  the  drift  wall,  the  other  end  being  placed  against 
a  lug  on  the  side  of  the  car.  As  the  car  moves  forward,  the  drill  steel  forces  the  car  over. 
Several  mechanical  dumping  devices  have  been  tried,  but  the  drill-steel  method  is  simple  and 
effective . 


Each  level  is  equipped  with  a  charging  station  with  steel  platforms  on  either  side 
of  the  track.  The  tops  of  these  platforms  are  the  same  height  a.<=  the  frame  of  the  motor, 
which  permits  the  battery  boxes  to  be  rolled  on  or  off  the  motors  as  required.  Each  motor 
has  an  extra  set  of  batteries  which  is  on  charge  while  the  other  is  in  service.  The  charging 
sets  are  of  the  constant-potential  type  and  operate  from  250-volt  direct-current  circuit. 

Figure  37  shows  a  standard  chute  pocket  for  ore-passes  from  stopes.  The  steel  gate 
is  operated  by  hand,  using  an  18-inch  forged  handle  with  a  slot  to  slip  over  the  truss  strap 
on  the  gate. 


Track 

Forty-pound  rail  laid  at  18-inch  gage  on  6  by  6  by  30  inch  ties,  spaced  at  24-inch 
centers,  is  standard  for  all  motor-haulage  drifts.  Sixteen-pound  track,  either  sectional  or 
laid  on  4  by  6  inch  ties,  is  used  for  hand-tramming.  Nos.  4  and  5  manganese  steel  frogs  are 
standard  equipment,  and  are  rebuilt  by  electric  welding  when  worn  down.  Switch  throws, 
points,  and  the  necessary  rail  clamps,  spacers,  etc.,  are  constructed  in  the  mine  shops.  A 
minimum  radius  of  50  feet  is  maintained  for  all  motor-haulage  track. 

Hopewell  Tunnel  Transportation 

All  ores  from  the  pit  and  underground  operations,  as  well  as  excess  waste  from  the 
pit,  are  transported  from  the  main  loading  bins  on  the  1000  level  through  the  Hopewell  Tunnel 
to  the  outside  storage  bins,  which  have  a  capacity  of  10,000  tons.  Because  of  the  character 
of  the  heavy  sulphides,  particularly  the  fine  calcined  material  from  the  fire  zone,  it  is 
essential  that  the  chute  openings  be  as  large  as  possible  to  prevent  the  fines  from  building 
up  in  the  bins.  Figure  39  shows  the  general  plan  of  these  loading  bins,  which  are  very  rug¬ 
ged  in  construction.  The  gates  are  operated  by  air  cylinders. 

The  ore  is  handled  by  40-ton  standard-gage  cars,  provided  with  compressed-air 
cylinders  for  operating  the  dumping  mechanism.  Twenty-five-ton  trolley  locomotives,  equipped 
with  two  75-horsepower  commutating  pole  type  motors  and  automatic  air  brakes,  handle  a  9-car 
train  at  a  speed  of  7  miles  per  hour.  The  average  gross  weight  of  the  train  is  540  tons. 

With  four  motor  crews  of  three  men  each,  5,000  tons  of  ore  daily  are  transported  over  this 
1.8-mile  haul.  The  track  is  standard  gage,  with  75-pound  rail,  and  has  a  grade  of  0.5  per 
cent  in  favor  of  the  load. 


Hoisting  Practice 

Because  of  the  abrasive  effect  of  the  hard  sulphide  ore,  all  chute,  grizzly,  and 
pocket  construction  is  very  heavy.  Loading  pockets  (fig.  30),  are  of  500-ton  capacity,  and 
are  arranged  according  to  general  practice  in  the  Southwest.  The  upper  gate  is  of  the  under¬ 
cut  plate  type,  while  the  measuring  chute  has  an  undercut  arc  gate  with  a  movable  baffle 
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front.  Both  gates  are  operated  by  compressed  air.  The  average  loading  time  is  7  seconds. 
The  valve  on  the  air  line  leading  into  the  pocket  is  provided  with  a  padlock,  so  that  no  one 
but  the  skip  loaders  can  operate  the  gates. 

Figure  40  shows  the  grizzlies  above  each  pocket.  The  grizzly  bars  are  inverted 
90-pound  rails  which  have  been  annealed  and  faced  with  a  1  by  5  inch  wearing  plate.  The 
inclined  rails  are  spaced  to  give  9-inch  openings,  and  the  lower  horizontal  rails  have  12 
by  20  inch  openings.  This  construction  permits  an  entire  train  to  be  dumped  without  stopping 
to  bulldoze  the  bowlders.  Each  level  is  equipped  with  two  sets  of  grizzlies,  with  transfer 
raises  to  the  level  or  loading  pocket  below.  This  is  essential,  as  mill  ore  consisting  of 
schist  and  porphyry,  and  direct  smelting  ore  consisting  of  massive  sulphide  and  high-grade- 
schist  (over  7.0  per  cent  copper),  are  handled  separately. 

The  spill  from  hoisting  2,000  tons  daily  averages  6  tons.  This  spill  being  abra¬ 
sive,  wears  the  shaft  walls,  and  it  has  been  necessary  to  build  up  the  curtain  walls  by  means 
of  gunite. 


A  heavy  hinged  bulkhead,  or  deflector,  constructed  in  the  hoisting  compartment, 
deflects  the  greater  portion  of  the  spill  into  the  ore  pockets.  This  deflector,  located  at 
the  1950  level,  is  electrically  operated  by  remote  control  from  the  engineer's  platform,  and 
pilot  lights  indicate  the  open  and  closed  positions.  The  portion  of  the  spill  which  reaches 
the  bottom  of  the  shaft  is  drawn  through  standard  chutes  into  an  18  cubic  foot  car  and  hoist¬ 
ed  through  the  manway  compartment  to  the  level  above. 

No.  5  hoist  station  is  located  on  the  1000  level.  It  is  47  by  81  feet  in  plan  and 
22  feet  in  height,  and  is  lined  with  reinforced  concrete.  The  cableway  extends  at  an  angle 
of  60°  to  the  headframe  on  the  800  level.  The  sheaves  are  10  feet  in  diameter,  and  are  of 
the  plate-type  construction  with  case-steel  liners. 

The  ore  hoist  is  of  the  double-drum,  single-reduction,  geared  type,  driven  by  a 
650-horsepower,  direct-current,  500-volt  motor.  Power  is  supplied  by  a  600-kilowatt  genera¬ 
tor  set  with  a  20-ton  flywheel.  Each  drum  is  10  feet  in  diameter  with  a  5-foot  face,  and 
holds  2,500  feet  of  1-3/8-inch,  6  by  19  hoisting  rope  in  two  layers.  The  hoisting  capacity 
is  260  tons  per  hour  at  a  rope  speed  of  890  feet  per  minute.  The  total  load  on  the  cable  is 
15  tons.  The  average  life  of  a  cable  is  two  years  and  the  ore  or  waste  hoisted  per  rope  is 
760,000  tons. 

The  skips,  which  operate  in  balance,  are  of  112  cubic  foot  capacity,  equivalent  to 
8  tons  of  sulphide  ore,  or  6  tons  of  schist  ore.  They  are  of  rugged  construction,  have 
3/4-inch  plate  liners,  and  weigh  7  tons  each. 

The  ore  is  hoisted  to  the  800  level,  where  it  is  dumped  through  an  electrically 
operated  "selector"  to  one  of  three  storage  bins,  depending  on  the  class  of  ore  or  waste 
being  hoisted.  This  selector  is  operated  from  the  hoistman's  platform,  and  colored  pilot 
lights  indicate  its  position. 

The  hoisting  crew  consists  of  a  hoistman,  skip  loader,  and  helper. 

BONUS  SYSTEM 

A  fair  amount  of  work  done  safely  by  an  average  man  in  a  given  unit  of  time  is  the 
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standard  for  any  particular  job.  The  efficiency  of  the  job  is  calculated  as  follows: 

If  a  standard  for  a  job  is  one  unit  per  shift,  and  a  man  accomplished  one  and  one- 
half  units  per  shift,  he  is  rated  as  being  150  per  cent  on  that  job.  He  receives  as  bonus 
one-half  of  his  increase  in  efficiency  over  100  per  cent,  or  25  per  cent  of  his  day's  pay 
rate.  The  company  benefits  by  the  other  half.  Putting  this  into  a  formula,  it  may  be  ex¬ 
pressed  as  follows: 

Ta  =  P/S;  E  =  T2/T;  B  =  1/2(E  -  100)  W 

S  =  Standard  (unit  of  work  per  unit  of  time) 

P  =  Work  accomplished 

T  =  Time  required  for  doing  P 

T  =  Time  allowed  for  doing  P  according  to  S 

E  =  Efficiency  in  per  cent 

W  =  Wage  rate  per  unit  of  time 

B  =  Bonus  paid 

Obviously,  the  major  problem  is  to  determine  correct  standards  of  work.  The  set¬ 
ting  of  standards  depends  largely  upon  past  performance  and  upon  the  judgment  of  the  man 
setting  the  standard.  The  men  chosen  to  set  the  rates  must  have  had  considerable  experience 
themselves  in  doing  and  in  bossing  the  work  they  are  rating.  Such  a  man  inspires  the  respect 
ard  confidence  of  the  workers.  The  foremen  are  consulted  whenever  a  new  standard  is  to  be 
set . 


Since  1924,  a  good  deal  of  work  in  the  mine  has  been  paid  for  on  a  contract  system, 
practically  all  of  the  new  timber  work,  drifting,  crosscutting,  and  raising  is  done  on  con¬ 
tract.  However,  what  we  call  a  contract  is  not  a  contract  in  the  true  sense  of  the  word, 
because  the  agreement  is  verbal  and  the  man  assumes  no  obligation.  The  company  agrees  to  pay 
a  certain  price  for  a  certain  unit  of  work,  but  the  man  is  guaranteed  day's  pay  no  matter 
how  much  he  accomplishes.  Also,  the  company  retains  the  right  of  complete  supervision  over 
the  work  and  the  manner  in  which  it  is  done.  The  contractor  has  nothing  to  say  about  who 
his  coworkers  or  helpers  will  be,  though,  of  course,  an  attempt  is  made  to  put  men  together 
who  have  equal  ability  and  who  will  v/ork  together  to  advantage.  Each  man  is  responsible  to 
the  company  only  and  they  are  paid  separately  by  the  company.  Two  examples  of  contracts 
follow: 


A.  Credit  10  chutes  @  $10  =  $100.00 

49.55 

Due  contract  50.45 


Deduct  5  shifts  @  $5.23  =  $26.15 
5  shifts  @  4.68  =  23,40 

Total  deductions  $49.55 


Due  timberman  in  addition  to  day's  pay:  53  per  cent  of  $50.45  =  $26.75 
Due  helper  in  addition  to  day's  pay:  47  per  cent  of  $50.45  =  $23.70 

Division  of  the  profit  is  made  according  to  the  ratio  of  the  day's  pay  of  the  two 

men. 


B.  A  drift  is  driven  under  contract  at  a  price  of  $5  per  foot.  This 
price  includes  mining  labor  and  explosives  only,  as  the  mucking  is  let 
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separately.  The  miner  drives  the  drift  100  feet  in  20  shifts  and  uses  30 
boxes  of  powder. 


Credit  100  feet  §  $5.00  $500.00 

559.00 

Due  contract  $161.00 


Deduct  20  shifts  §  $4.95  $99.00 

30  boxes  powder  @  $8  240 . 00 

Total  deductions  $339.00 


Miner  receives  $161.00  plus  day's  pay  for  20  shifts. 

Two  advantages  of  this  type  of  contract  over  the  bonus  system  in  use  here  are  that 
the  contract  is  easily  understood  by  the  miner  and  he  visualizes  his  units  of  work  accom¬ 
plished  in  dollars,  which  acts  as  an  incentive  to  greater  industry.  Also,  in  the  case  of 
development  work,  it  rewards  the  miner  for  saving  explosives,  while  under  the  bonus  system 
the  tendency  is  to  be  extravagant  and  wasteful  of  explosives. 

This  type  of  contract  has  been  very  successful  in  lowering  unit  costs  and  in  in¬ 
creasing  the  earnings  of  the  men.  It  has  been  tried  to  a  limited  extent  in  mining  in  stopes 
and  within  the  next  year  will  be  given  a  thorough  tryout  for  all  extraction  operations. 

A  great  deal  of  care  must  be  taken  to  set  a  correct  contract  price  in  this  method 
of  payment  because  the  company  does  not  participate  in  the  bonus,  and  if  the  price  is  set  too 
high  the  unit  cost  to  the  company  will  be  too  high. 

A  great  many  of  our  contract  prices  have  been  arrived  at  from  the  bonus  standards, 
in  conjunction  with  the  average  bonus  earned  over  a  long  period  of  time  on  a  given  class  of 
work.  For  instance,  the  price  of  a  drift  would  be  set  as  follows; 

The  bonus  standard  for  the  drift  might  be  2  feet  per  shift.  The  average  bonus 
for  drift  work  was  somewhat  under  50  per  cent,  but  good  miners,  under  favorable  conditions, 
often  made  50  per  cent  or  better.  To  make  50  per  cent  bonus  in  the  above  drift,  the  miner 
would  have  to  average  4  feet  advance  per  day,  and  this  would  cost  the  company  $4.95  plus 
50  per  cent  of  $4.95,  equalling  $7.42,  or  $1,855  per  foot  fcr  labor.  Then,  if  $1.90  per  foot 
were  allowed  for  explosives,  the  contract  price  would  be  $3.75  per  foot.  If  the  miner  broke 
4  feet  per  shift  and  just  used  the  allowed  amount  of  powder,  he  would  make  just  the  same 
amount  of  money  as  if  he  worked  under  the  bonus  system.  To  make  more  money  on  the  contract 
than  on  bonus,  he  would  have  to  reduce  the  amount  of  powder  used  per  foot  or  increase  the 
amount  of  advance  per  shift.  If  he  fails  to  make  an  advance  which  would  have  paid  50  per 
cent  bonus  under  the  bonus  system,  or  if  he  uses  an  excessive  amount  of  powder,  he  will  not 
make  as  much  as  if  he  were  on  bonus  instead  of  contract. 

The  company  gets  the  work  done  at  a  certain  fixed  price  whether  the  miner  makes  a 
gocd  bonus  or  not,  unless  he  shows  a  loss.  In  case  of  a  loss  by  the  contractor,  the  cost 
to  the  company  is  increased  by  the  amount  of  the  loss  over  the  agreed  price. 

If  the  contractor  is  not  doing  reasonably  well,  an  investigation  is  made  of  the 
conditions  governing  the  operation,  and  the  contract  price  is  changed  if  unforeseen  diffi¬ 
culties  have  arisen.  If,  however,  the  fault  is  found  to  be  with  the  contractor's  ability,  he 
is  either  transferred  to  some  work  he  is  better  fitted  to  accomplish  or  he  is  discharged. 
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The  contract  price  is  subject  to  change  at  any  time  if  conditions  over  which  the 
contract  has  no  control  are  changed.  For  instance,  the  formation  in  a  drift  may  change  from 
soft  to  hard  rock,  in  which  case  a  new  price  would  be  set  starting  at  the  contract.  If  an 
error,  due  to  misjudgment,  has  been  made  in  setting  the  contract  price,  the  change  in  price 
is  retroactive  and  starts  when  the  work  started  if  the  original  price  was  too  low.  If  the 
price  was  set  too  high,  the  cut  does  not  take  effect  until  the  first  of  the  month  following 
the  time  the  mistake  was  discovered.  Although  this’gives  the  men  an  advantage  over  the  com¬ 
pany,  it  tends  to  inspire  their  confidence  in  the  system. 


Most  of  the  underground  work  and  all  of  the  mechanical  and  open-pit  work  is  still 
under  the  bonus  system.  Various  types  of  standards  or  allowances  are  set  for  the  different 
operations  according  to  our  ideas  of  what  seems  to  be  the  most  equitable  method  of  settle¬ 
ment  . 

Type  of  work  Unit  of  standard 


Underground  work; 

Mining  in  drifts  and  crosscuts 

Mining  in  stopes 

Laying  track,  hanging  pipe,  etc. 

Hoisting  ore 

Hauling  ore 

Mucking 

Open-pit  work: 

Trucking  ore 

Electric  shovel  operation 
Truck  maintenance 


Feet  per  shift  advance 
Cubic  feet  per  shift  broken 
Feet  per  shift  installed 
Skips  per  shift  hoisted 
Cars  per  shift  hauled 
Cars  per  shift  filled 

Tons  hauled  per  shift 
Cubic  yards  dug  per  shift 
Dollars  allowance  per  truck  shift 


Mechanical  work: 

Machine  work  Given  number  of  hours  allowed  per  unit  of  work 

Sharpening  drill  steel  Time  allowance  per  rock-drill  shift 


The  above  are  only  a  few  examples  of  the  many  operations,  but  they  are  representa¬ 
tive.  The  drill  steel  sharpening  standard  is  not  based  on  the  number  of  pieces  of  steel 
sharpened  because  when  this  method  of  payment  was  tried,  the  operators  burned  the  steel  in 
an  effort  to  increase  their  production.  When  burned  steel  went  underground,  the  bit  soon 
failed  and  the  steel  was  out  again  for  resharpening.  This  tended  to  increase  the  work  in  the 
sharpening  shop,  and  thus  the  men  were  paid  a  premium  for  doing  poor  work.  Under  the  present 
system,  when  perfect  steel  is  sent  underground,  a  minimum  amount  of  resharpening  is  required, 
the  shop  crew  is  as  small  as  possible,  and  a  maximum  of  bonus  is  made  by  the  men,  so  that  the 
premium  is  now  paid  for  good  and  efficient  work.  The  same  method  of  payment  is  used  in  the 
rock-drill  repair  shop.  They  are  allowed  so  much  time  per  drill  in  operation,  so  that  drills 
sent  down  in  perfect  order  will  stay  down  the  longest  time  possible  and  reduce  the  work  in 
the  shop  to  a  minimum,  thus  allowing  the  men  a  maximum  of  bonus.  This  method  of  reward  does 
very  well  for  maintenance  and  repair  work  where  certain  equipment  is  in  constant  use  and  re¬ 
quires  constant  attention. 

The  organization  of  the  bonus  department  consists  of  a  chief  bonus  engineer,  an 
assistant  chief  bonus  engineer,  an  office  clerk  who  posts  the  time  of  the  workmen  on  the 
various  job  sheets,  four  bonus  engineers  who  handle  the  underground  work,  and  two  bonus 
engineers  who  look  after  the  outside  and  mechanical  work. 
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The  engineers  take  the  cubic  feet  broken,  explosives  used,  cars  trammed,  etc., 
from  the  shift  bosses'  distribution  sheets  each  day.  They  are  constantly  visiting  the  work¬ 
ing  places,  so  that  they  are  fully  acquainted  with  the  details  of  the  work  going  on.  Each 
engineer  computes  the  efficiency  of  all  the  jobs  under  his  jurisdiction  and  the  computations 
are  then  checked  by  the  head  of  the  department  or  the  assistant. 

The  number  of  men  required  to  carry  on  bonus  work  depends  largely  on  the  number  of 
jobs.  In  turn,  the  number  of  jobs  depends  on  the  amount  of  attention  which  it  is  thought 
advisable  to  spend  on  the  details  of  each  major  operation.  For  example,  the  shops  may  be 
given  the  job  of  completely  overhauling  a  Mallet  locomotive.  A  standard  of  500  shifts  might 
be  set  for  the  total  job.  This  would  be  one  job  and  would  require  very  little  work  from  the 
bonus  engineer  after  the  standard  was  set.  The  job  might  be  divided  into  machine  work, 
boilermaker  work,  steam  fitting,  and  electrical  work,  making  four  jobs  out  of  one,  which 
would  require  practically  four  times  as  much  work  in  the  bonus  department.  Or,  each  indi¬ 
vidual  operation  on  the  overhaul  job  might  be  considered  as  a  separate  job,  rates  set,  time 
kept,  and  the  computations  made  on  a  great  many  details  which  would  take  considerable  time 
on  the  part  of  the  engineer.  This  last  method  of  handling  the  bonus  is  the  most  accurate  and 
is  the  method  employed  where  the  results  obtained  justify  the  cost  of  the  clerical  and  engi¬ 
neering  work.  In  some  cases,  it  would  cost  as  much  to  obtain  an  accurate  standard  on  a  par¬ 
ticular  job  as  it  would  cost  to  do  the  work.  This  is  particularly  true  for  work  which  is 
done  once  and  is  not  repeated.  In  such  a  case  no  attempt  is  made  to  set  a  standard  for  the 
job.  If  the  men  doing  such  work  have  been  regularly  working  on  bonus,  they  are  paid  a  flat 
rate  of  bonus  for  the  time  spent  on  the  job.  This  does  not  furnish  any  incentive  for  faster 
work,  but  it  prevents  dissatisfaction  on  the  part  of  the  men  required  to  do  the  work,  and  it 
is  cheaper  than  spending  the  time  to  obtain  a  standard. 

Some  of  the  regular  work  about  the  plant  is  of  such  a  nature  that  it  is  impractical 
to  put  it  on  a  bonus  basis,  and  such  work  is  done  on  "company  time,"  no  bonus  being  paid  over 
the  daily  wage  rate.  If  a  man  works  part  of  a  shift  on  a  bonus  job  and  part  of  a  shift  on  a 
company  time  job,  he  will  be  inclined  to  charge  most  of  his  time  to  the  company  time  job,  so 
as  to  increase  his  bonus.  The  boss  must  therefore  keep  the  men's  time  carefully  and  accu¬ 
rately. 


The  bonus  is  figured  on  the  first  of  each  month  for  the  work  done  the  previous 
month,  and  the  money  earneu  is  paid  on  the  check  the  men  receive  on  the  21st  of  the  month. 
In  case  a  man  quits  during  the  month,  his  bonus  is  mailed  to  him  immediately  after  the  bonus 
pay  day. 


We  have  found  that  in  every  case  where  a  fair  standard  has  been  set  for  bonus 
work,  it  has  resulted  in  lowering  the  oost  of  that  operation,  and  that  the  men  doing  the 
work  earned  more  money  than  before. 

VENTILATION,  MINE  FIRES,  AND  SAFETY  METHODS 

Ventilation 


The  United  Verde  mine  is  mechanically  ventilated  throughout.  This  is  necessary 
because  of  the  poisonous  sulphur  fumes  which  are  at  times  generated  when  blasting  in  the 
sc-called  "massive  sulphides."  It  has  also  been  found  that  control  of  air  currents  is 
sacrificed  to  some  extent  when  natural  and  mechanical  ventilation  are  combined.  Positive 
control  as  to  direction  and  volume  is  oonsidered  very  important  normally  and  absolutely 
necessary  in  case  of  a  mine  fire. 
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The  virgin  rock  temperature  on  the  3000-foot  level  was  95°.  Temperatures  taken 
below  this  horizon  in  diamond-drill  holes  indicate  a  virgin  rock  temperature  increasing 
about  1°  for  each  150-foot  increase  in  depth. 

The  mine  is  ventilated  by  a  main  fan  on  the  1000  level.  The  air  is  drawn  through 
an  intake  air  shaft  13  by  13  feet  in  the  clear  and  980  feet  deep.  On  the  discharge  side  the 
air  passes  through  a  short  duct  which  contains  a  multiple-blade  damper  for  volume  control, 
then  down  an  inclined  raise  to  the  fresh-air  shaft  which  extends  downward  to  the  3000  level 
(see  fig.  42).  This  shaft  has  an  effective  cross-sectional  area  of  80  square  feet.  Fresh 
air  is  taken  off  on  all  levels  from  the  1000  to  the  3000  level.  The  volume  is  controlled 
on  all  levels  by  regulator  doors  which  can  be  set  for  any  desired  volume. 

The  main  return  airway  consists  of  a  series  of  raises  and  connecting  drifts  of 
various  lengths,  beginning  on  the  2100  level  and  extending  upward  to  the  900  level.  At- this 
point  it  connects  with  a  shaft  which  extends  to  the  300  level.  A  drift  to  the  surface  com¬ 
pletes  the  return  air  course.  This  course  has  an  effective  cross-sectional  area  of  120 
square  feet.  Both  the  main  fresh  air  course  and  the  main  return  are  free  of  timber  or  other 
combustibles  throughout  their  entire  length. 

The  main  fan  is  of  the  double-inlet,  reversible  type,  with  forward  curved  blades. 
The  rotor  is  4  feet  6  inches  wide  by  9  feet  10  inches  in  diameter.  It  is  direct-connected 
to  a  400-hp.,  2,200-volt,  280-r.p.m.,  3-phase,  60-cycle,  slip-ring  motor.  A  350-horsepower, 
2,200-volt,  3-phase,  60-cycle,  350-r.p.m.,  wound-rotor  induction  motor  is  used  as  an  aux¬ 
iliary  drive.  This  motor  is  belt-connected  and  can  be. called  into  service  on  a  moment's 
notice  by  means  of  a  clutch  on  the  fan  drive-shaft.  Both  motor  controls  are  on  one  switch¬ 
board.  A  push  button  switch  cuts  the  power  from  one  motor  to  the  other.  The  speed  of  both 
motors  can  be  changed  at  will  by  means  of  a  push-button  type  control,  with  a  bank  of  resis¬ 
tances  in  the  secondary  circuit  arranged  to  give  three  speeds.  The  multiple-blade  damper  was 
installed  to  give  still  greater  volume  control  than  is  possible  with  the  three  motor  speeds. 

To  obtain  the  maximum  benefits  from  a  ventilation  system,  it  must  be  so  arranged 
that  there  is  a  minimum  of  loss  through  short  circuiting  or  leakage.  Figure  41  shows  a 
standard  mine  door  on  a  motor  level.  In  ventilating  the  United  Verde  mine,  a  constant  check 
is  kept  on  air  currents  to  prevent  loss  of  air  into  channels  in  which  it  becomes  ineffective. 
Thus  unavoidable  losses  in  hoisting  shafts  are  utilized  on  levels  in  the  upper  part  of  the 
mine  for  cooling  purposes.  Abandoned  workings  are  sealed  off  in  order  to  eliminate  losses  or 
air.  Such  economies  in  air  are  felt  to  be  necessary  if  the  man  at  the  face  is  to  derive  the 
maximum  benefits  from  the  power  expended  at  the  fan. 

No  particular  attention  has  been  paid  to  the  reduction  of  the  mine  resistance  by 
smooth-lining  main  airways,  but  all  new  airways  established  in  recent  years  have  been  made 
larger  in  order  to  take  care  of  the  resistance  factor.  A  standard  cross-sectional  area  of 
120  square  feet  has  been  adopted. 

In  the  course  of  mining  it  was  deemed  advisable  to  leave  level  pillars  in  certain 
sections  of  the  mine.  These  pillars  were  later  made  use  of  as  horizontal  fire  breaks.  All 
through  raises  in  these  pillars  were  provided  with  iron  doors  hung  in  concrete  frames  (see 
fig.  43).  When  these  raise  cover  doors  are  closed,  an  effective  seal  is  established.  This 
seal  has  been  made  use  of  in  establishing  a  system  of  air  splits.  The  ascending  air  column 
is  not  permitted  to  pass  through  the  entire  mine,  but  is  withdrawn  on  the  levels  below  the 
fire  breaks  and  directed  into  the  main  return.  Fresh  air  is  distributed  on  the  level  above 
the  break,  thus  assuring  that  each  section  of  the  mine  is  served  by  a  split  w.  .h  reasonably 
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Figure  42.-  Diagrammatic  section,  general  ventilation  system 
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fresh  air.  There  are,  of  course,  isolated  sections  where  small  volumes  of  vitiated  air  pass 
from  one  split  upwards  into  another.  This  is  unpreventable  in  the  course  of  mining,  and  has 
not  been  the  cause  for  complaint  because  it  has  always  been  possible  to  withdraw  such  air 
without  sending  it  through  other  active  workings.  Seals  of  the  nature  described  exist  on  the 
1950,  1500,  and  1?00  levels.  In  case  of  a  fire,  it  is  expected  that  the  smoke  can  be  con¬ 
trolled  so  that  production  will  have  to  be  stopped  only  on  the  levels  immediately  affected 
by  the  fire. 


■Safety  Chambers 

Some  years  ago  safety  chambers  were  of  vital  necessity  for  the  safety  of  men 
underground.  In  more  recent  years  their  importance  has  not  been  so  pronounced.  The  present 
method  of  blasting  on  signals,  and  the  greater  control  now  exercised  over  the  air  currents, 
gives  a  reasonable  assurance  of  a  safe  exit.  However,  as  an  additional  safety  precaution, 
there  are  still  maintained  on  each  level  one  or  more  safety  chambers  into  which  men  may  re¬ 
treat  in  any  emergency  and  feel  safe  as  long  as  the  compressed-air  lines  are  intact. 

The  safety  chambers  are  located  in  dead  ends  of  drifts.  A  standard-type  mine  door 
is  installed  as  far  from  the  face  as  space  outside  the  chamber  will  permit  (fig.  44).  The 
chambers  are  supplied  with  electric  lights,  water,  and  compressed  air  lines.  A  sign  on  the 
door  instructs  men  to  close  the  door  and  turn  on  the  air.  Valves  controlling  both  the  air 
and  water  are  inside  the  chamber.  The  escaping  compressed  air  builds  up  sufficient  pressure 
within  to  keep  all  gases  out  under  normal  conditions.  As  an  additional  precaution  a  1-inch 
perforated  air  line  is  fastened  on  the  outside  of  the  door  opening.  Signs  at  various  points 
on  the  level  indicate  the  direction  to  the  nearest  safety  chamber  so  that  men  can  readily 
find  them. 


Auxiliary  Ventilation  Equipment 

Auxiliary  equipment  is  used  to  ventilate  dead  ends  and  development  headings.  This 
equipment  consists  of  electrically-driven  fans  and  compressed-air  blowers  of  the  injector 
type,  connected  to  metal  pipe  or  flexible  tubing.  The  injector  blowers  are  used  only  on 
very  temporary  jobs  and  where  the  air  has  not  over  300  feet  to  travel.  They  are  also  used  as 
line  boosters,  operating  in  series  with  an  electrically-driven  fan.  Metal  pipe  is  now  only 
used  in  exhaust  lines,  and  where  heavy  electric  blasting  is  done. 


Mine  Fire  Methods 

The  fire  hazards  in  the  United  Verde  mine  are,  with  perhaps  one  exception,  no 
different  from  those  in  any  other  mine.  That  exception  is  the  heavy  sulphide  ore,  the  dust 
of  which  is  known  to  cause  explosions  when  permitted  to  accumulate.  An  explosion  of  this 
kind  is  very  apt  to  cause  trouble  in  a  timbered  stope. 

Much  is  done  to  elininate  fire  hazards  and  to  prevent  fires.  Fire  patrolmen  are 
employed  who  inspect  not  only  the  active  workings,  but  spend  considerable  time  in  temporarily 
or  permanently  abandoned  workings. 
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The  gradual  elimination  of  trolley  wires  is  considered  a  move  in  the  right  direc¬ 
tion  toward  the  prevention  of  underground  fires.  Trolley  motors  are  still  in  use  on  six 
levels,  but  15  levels  have  storage-battery  equipment. 

Carbon  tetrachloride  fire  extinguishers  are  located  at  all  charging  panels,  and 
near  all  other  types  of  electric  equipment.  Two  and  one-half  gallon  Foamite  extinguishers 
have  been  placed  on  various  levels  close  to  heavily  timbered  areas.  It  is  not  expected  that 
these  extinguishers  will  be  used  to  fight  fires,  but  rather  to  put  out  incipient  flames  which 
might  otherwise  become  serious  fires.  Ten  fires  of  various  kinds  were  extinguished  between 
June  and  September,  1929,  with  hand-operated  equipment.  In  addition  to  the  above,  the  mine 
is  equipped  with  a  5-inch  water  column  to  supply  water  for  fires  only.  The  compressed-air 
and  water  pipes  on  each  level  are  connected  to  the  column  on  the  shaft  stations,  with  valves 
so  arranged  that  there  is  no  interference  in  the  flow  of  air  or  water  under  normal  operating 
conditions.  A  blue  print  showing  all  connections  and  valve  arrangements  is  kept  under  glass 
at  each  level  station.  Hose  connections  have  been  put  in  all  water  lines  at  100-foot  inter¬ 
vals  where  these  pass  through  timbered  areas.  Special  high-pressure  hose  in  50-foot  lengths 
is  kept  in  racks  at  strategic  points  on  the  levels.  A  100,000  gallon  capacity  storage  sump 
is  located  on  the  1000  level.  This  is  kept  full  of  water  from  the  main  drainage  system.  A 
triplex  pump,  with  a  capacity  of  159  gallons  per  minute  is  capable  of  pumping  the  water  out 
of  this  sump  to  the  surface  storage  or  direct  to  any  level  desired.  This  system  of  utilizing 
the  mine  drainage  water  for  emergency  purposes  has  been  found  desirable  because  of  the  sea¬ 
sonal  shortage  of  surface  water. 


Mine-Rescue  Crews  and  Equipment 

An  active,  trained  rescue  crew  of  40  men  is  maintained.  These  men  receive  training 
once  every  two  months  in  the  use  of  oxygen  breathing  apparatus  and  gas  masks. 

Rescue  equipment  consists  of  10  two-hour  Gibbs  breathing  apparatus,  5  two-hour 
McCaa,  and  3  one-half-hour  McCaa  breathing  apparatus,  and  20  Burrell's  All  Service  Gas  Masks. 
Two  high-pressure  oxygen  pumps,  one  of  which  is  mounted  on  a  mine  truck,  one  low-pressure 
fan,  also  mounted,  and  two  fire-tool  trucks,  complete  this  equipment.  One  portable  telephone 
is  also  used  with  this  equipment. 


Mine  .Safety 

The  safety  work  at  the  United  Verde  mine  consists  of  inspections,  education,  safety 
advertising,  and  supplying  approved  safety  equipment. 

Every  official  is  a  safety  inspector  so  that  there  is  a  constant  inspection  rather 
than  only  periodic  inspection  by  one  man.  Inspections  are  nevertheless  carried  out  period¬ 
ically  by  the  safety  engineer.  Safety  committees  chosen  from  among  the  miners  and  shop 
men  make  weekly  inspections  and  report  to  their  shift  boss  or  foreman. 

The  principal  mine  accident  hazards  may  be  summarized  as  follows: 

1.  Fall  of  ground  from  roof  and  walls. 

2.  Flying  of  sulphide  when  collaring  a  drill 

hole  or  breaking  rock  with  hammers. 

3.  Mine  haulage. 


8893 


-  28  - 


I. C. 6440. 


4.  Handling  rock.  This  frequently  causes  severe 

cuts  on  hand  and  arms. 

5.  Sulphide  gas  generated  when  blasting  in  heavy 

sulphides . 

6.  Falls  of  men  and  material. 

Safety  education  consists  of  lunch-hour  talks  with  the  men,  bulletins,  and  photo¬ 
graphs  of  the  right  and  wrong  way  of  doing  work.  Safety  advertising  consists  of  bulletins, 
pictures,  blackboard  announcements,  and  contests. 

Safety  equipment  sold  by  the  company  at  cost  consists  of  "hard-boiled"  hats, 
gloves,  and  respirators.  Goggles  are  issued  when  men  are  hired.  In  addition  to  this  equip¬ 
ment,  all  men  are  required  to  wear  hard-toed  shoes,  which  are  sold  by  Jerome  merchants. 
Safety  belts  and  chains  are  issued  upon  request  from  the  shift  boss  only. 

The  hard,  brittle  character  of  the  ore  makes  it  absolutely  necessary  that  goggles 
be  worn  when  starting  a  hole  or  when  breaking  rock  with  a  hammer.  Hard  and  fast  rules  to 
this  effect  have  been  made  and  must  be  observed  on  penalty  of  a  lay-off.  The  hard-boiled 
hats  and  safety  shoes  which  are  required  as  a  part  of  the  miner's  equipment  have  unquestion¬ 
ably  prevented  many  serious  accidents  and,  no  doubt,  a  number  of  fatalities. 

Foremen  and  shift  bosses  are  held  strictly  responsible  for  the  safety  of  the  men 
under  their  supervision.  They  must  see  that  the  tools  they  use  are  in  good  repair,  that  the 
working  place  is  safe,  that  the  men  observe  all  safety  rules,  and  otherwise  conduct  them¬ 
selves  in  the  safest  manner  possible.  The  shift  boss  is  expected  to  instruct  the  new  man  in 
his  work,  the  hazards  connected  with  it,  and  how  best  to  eliminate  or  avoid  them.  The  old 
employee  is  constantly  reminded  of  the  fact  that  safety  should  receive  his  first  considera¬ 
tion  on  any  work  that  may  be  assigned  to  him. 

Certain  rules  are  constantly  stressed  and  impressed  on  old  and  new  employees  alike; 
violation  of  them  means  a  lay-off  or  discharge  from  service. 

A  safety  contest  in  the  form  of  a  horse  race  was  started  in  July  of  1929  and  ended 
on  December  31.  Each  shift  boss  and  his  crew  was  represented  by  a  race  horse.  The  horses 
were  advanced  several  times  a  week  and  placed  in  their  relatively  correct  position  once 
each  month.  The  position  of  any  horse  was  dependent  upon  the  frequency  rate  of  lost-time 
accidents  per  10,000  shifts.  The  crews  without  accidents  were,  of  course,  in  the  lead  at  all 
times.  Seven  horses  tied  for  first  place.  A  prize  was  given  to  each  member  of  the  winning 
crews.  Another  method  used  to  stimulate  interest  in  safety  is  that  of  giving  out  cigars  at 
the  end  of  each  month  to  those  crews  which  have  gone  the  full  month  without  a  lost-time  acci¬ 
dent.  The  cigars  are  wrapped  in  foil  and  have  printed  on  the  wrapper; 

In  appreciation  of  your  efforts 
in  Safety  and  Accident  Prevention. 

United  Verde  Copper  Company. 

The  shift  bosses  too  are  rewarded  for  an  excellent  safety  record.  A  monthly  safety 
bonus  is  paid  to  them.  An  honor  roll  is  posted  each  month,  containing  the  names  of  those 
shift  bosses  who  have  gone  three  consecutive  months  or  more  without  a  lost-time  accident  to 
any  of  their  men.  Shift  bosses  having  10,000  man  shifts  to  their  credit  without  a  lost-time 
accident  receive  a  special  award. 
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While  there  is  some  expense  connected  with  this  method  of  promoting  safety,  records 
show  that  it  is  very  effective.  It  is  believed  that  once  the  value  of  safety  is  firmly  im¬ 
bedded  in  the  minds  of  the  men,  much  in  the  line  of  contests  and  av/ards  can  be  eliminated. 

Figure  45  shows  a  comparison  of  lost-time  accidents  in  1928  and  1929. 


MINE  DRAINAGE 

The  Hopewell  tunnel  on  the  1000  level,  which  is  the  ore-haulage  level  for  the  mine, 
is  also  the  mine  drainage  tunnel.  All  mine  water  above  this  horizon  is  collected  on  the 
various  levels  and,  by  means  of  ditches  and  diamond-drill  holes,  passed  from  level  to  level 
until  it  reaches  the  Hopewell  tunnel,  through  which  it  flows  to  the  surface.  The  water 
collected  below  the  1000  level  is  lifted  to  the  Hopewell  tunnel  by  two  pumps.  Both  are 
6|  by  12  inch  quintuplex  pumps,  with  capacities  of  500  gallons  per  minute  each,  lifting  1,000 
feet  vertically.  They  are  geared  to  150-horsepower,  alternating-current  motors.  The  main 
pump  column  is  an  8-inch,  lead-lined  pipe,  hung  in  the  pipe  compartment  of  No.  6  shaft. 

The  drainage  water  on  the  various  levels  is  ditched  to  the  main  haulage  crosscut 
and  directed  to  within  several  hundred  feet  of  No.  6  shaft,  and  there  passed  through  a 
diamond-drill  drainage  hole  downward  to  the  next  level.  Thus  the  water  between  the  1000  and 
1950  levels  drains  into  the  1950-level  pump  sump;  below  the  1950  level  it  drains  into  th 
3C00-level  sump.  *  The  diamond-drill  drain  holes  are  2j  or  3  inches  in  diameter. 

The  pump  on  the  3000  level  is  operated  about  three  hours  per  day  and  lifts  its  load 
to  the  1950-level  sump.  The  pump  on  the  1950  level  runs  about  five  and  a  half  hours  out  of 
the  24,  and  discharges  its  water  into  the  Hopewell  tunnel  drainage  ditch. 

Approximately  180,000  gallons  of  water  flows  through  the  Hopewell  tunnel  daily. 
On  the  surface  this  water  is  utilized  in  leaching  operations  on  low-grade  ores. 


MINE  ORGANIZATION 

The  administrative  organization  at  the  mine  is  shown  in  Figure  46. 
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1  Development 

Mining,  hours  per  ton 

1  hrs.  per  ton  Cut-and-fill 

Square-set 

Too  slice 

Shrinkage 

Breaking  . 

1 

^0.157 

1  0.135 

j  0.383 

1  0.383 

0.248 

Mucking  . 

1 

.119 

1  .547 

1  .872 

1  .651 

.559 

Timbering  and  fill  .  . 

i 

— 

1  .466 

1  .606 

1  .837 

.352 

Haulage  and  hoisting. 

1 

— 

1  .238 

1  .238 

1  .234 

.260 

Supervision  . 

1 

.006 

1  .122 

i  .122 

1  .120 

.134 

General  . 

1 

— 

j  1.037 

1  1 . 039 

1  1.020 

1.136 

General  . 

1 

—  — 

1  1  037 

1  1.039 

1  1.020 

1.136 

Total  . 

j' 

0.282 

1  2 . 544 

3.260 

3.245 

2.689 

1  Development  figures  show  hours  on 
per  ton  is  for  both  breaking  and 

development  againrrt  total  stope  tonnage;  0.157  hours 
timbering. 

Development 

^  Cut-and-fill 

Square-set 

Too  slice 

Shrinkage 

Average  tons  per  shift 
Labor,  per  cent  total 

1 

1 

28.33 

1  3.14 

1 

1  2.45 

1 

1  2.47 

1 

2.97 

time  . 

1 

9.19 

1  53.01 

1  28.08 

1  8.32 

1.40 

Powder,  pounds  per  ton 
Timber,  board  feet 

^1 

1 

.45 

1  .55 

1 

1  .60 

1 

1  -71 

1 

.71 

per  ton  . 

1 

.83 

1  6.95 

1  12.52 

1  9.91 

2.36 

per  ton  . 

1 

.83 

1  6.95 

1  12.52 

1  9.91 

2.36 

1  Development  figures 

are 

computed 

against  total 

stope  tonnage 

2  Principal  powder  used  is  li  by  8  inch,  50  per  cent  gelatin. 

Average  tons  per  man-shift  on  surface  charged  to  underground  operations  is  74.95. 


Air  compression 

Hoisting 

Pumping 

Ventilation 

Lighting 

Power  kw.h.  per  ton  . 

10.15 

2.35 

0.26 

3.07 

0.61 

Development  details  in  units  of  labor,  power,  and  timber. 
Average  drift  and  crosscut  is  6  feet  wide  by  8  feet  high. 
Average  raise  is  6  by  11  feet  with  one  timbered  compartment. 
The  rock  is  generally  hard  and  firm. 


Labor 

1  Drifts  and  crosscuts, 
hours  per  foot 

1  Raises, 

1  hours  per  foot 

Total 

Breaking  and  timbering  . 

3.50 

9.15 

4.75 

Mucking  . 

4.17 

1.56 

3.59 

Supervision  . 

.19 

.19 

.19 

Supervision  . 

.19 

.19 

.19 

Total  . 

7.86 

10.90 

8.53 

Feet  advance  per  8-hour  shift  . 

1.02 

.73 

.94 

Powder,  pounds  per  foot^  . 

13.56 

14.36 

13.74 

Timber,  board  feet  per  foot  . 

4.57 

97.02 

25.03 

1  Principal  powder  used  is  li  by  8  inch,  50  per  cent  gelatin. 
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1.  G-PAVITATI OUAL-  METHODS 

(1)  UN  INSTRUIVISNT  TRANSPORTABLE  POUR  lA  MESUEE  RAPIDE 

■  EE  LA  GRAVITE 

(A  PORTABLE  INSTRUI4ENT  FOR  QUICK  MEASUREMENT  OF  GRAVITY) 

Bv  F.  Holweck  and  P.  Lojay 

Comptes  -Rendus  de  1*  Acaderaie  des  Sciences,  Paris, 
vol.  190,  No.  '24.  1930,  pp.  1387-1-388. 

Tlie  princi  lies  and  the  construction  of  the  instrument  are  described, 
ihe  ensemble  of  the  instrument  consisting  of  two  supports  provided  with  level¬ 
ling  screws  and  levels,  two  colls,  two  amplifiers,  registering  device,  dry 
pile  batteries,  and  four  interchangeable  pend'olums  is  packed  into  two  small 
boxes,  the  whole  weight  of  which  does  not  exceed  40  kilograms.  Onlv  a  few 
minutes  are  required  to  -put  the  instrument  in  operation. 

Preliminary  measurements  carried  out  by  the  Observatory  of  Paris 
during  several  months  have  shown  that  the  variations  of  the  elasticity  of  . 
invar  during  this  time  was  negligible.  The  clamping  devihe  ‘by  which  the 
pendulum  is  rendered  immovable  during  transportation  preserved  it  well  from 
any  injury.  • 

A  table  shows  the  periods  obtained  for  the  two  pendu). urns ‘from  the 
tests  carried  out  along  the  base-line  Paris-Dunkirk.--W.  Ayvazoglou.  ■- 

(2)  IAS  PENDSL  MIT  OSZILLIERENM  AUFflliNGEPUNKT 
(A  PENIULUM  WITH  OSCILLATH^G  POINT  OF  SUSPENSION)  ,  ,  '  . 

By  Paul  Hirsch  •  ‘  ■ 

Zeitschrift  fuer  angewandte  Mathe.natik  und  Mechanik',  ' 

vol.  10,  No.  1,  1930,  pp.  41-52.. 

The  problem,  which  is  not  new,  is  treated  by  means  of  classical  . 
mechanics;  in  each  phase,  clearness  is  sough-t  for.  If  the  point  of  suspension 
of  a  oendulum  is  given  a  vertical  harmonic  movement  with  small,  amplitude  and 
great  frequency,  the  stability  of  the  lower  position  of  equilibrium  increases 
and  the  labilitv  of  the  upper  decreases  and  in  case  of  suff iciontly  strong 
oscillation  changes  into  stability.  Tbio  conditions  change  if  the  general  case 
is  not  considered,,  but  the  oscillation  is  assumed  to  be  in  a  directi.on  inclined 
to  the  vertical.  In  this  case  there  are  two  stabile  and  two  labile  p.osit.ions 
of  equilibrium  determined  by  the  roots  obtained  from  an  equation  of  the  fourth 
degree;  only  one  value  for  each  position  exists  in  case  the  oscillation  is 
weak. 


In  case  of  vertical  oscillation  the  two  labile  and  one  stabile  posi¬ 
tions  of  equilibrium  coincide  in  the  upward  direction.  Preliminary  calculations 
on  the  effect  of  a  mathematical  pendulum  are  made;  two  generalizations  are 
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discussed:  1.  Elliptical  oscillation.  The  point  of  suspension  of  the  pendu- 
lun  is  supposed  to  perform  harmonic  oscillation  of  equal  frequencv  in  tro 
directions — that  is,  it  describes  an  ellipse.  In  this  case  the  pendulum  has 
usually  six  positions  of  equilibrium.  2.  Linear  oscillation  of  a  physical 
pendulum  is  a  symmetrical  position.  A  generalization  results  from  the  dis- 
cijjssion.  The  following  cases  are  examined:  1.  Linear  oscillation  of  a  ohysi- 
cal  -oendulnm.  2.  Circular  oscillation.  For  this  special  case  of  the  ellipti¬ 
cal  oscillation  there  results  a  duality  with  the  linear  oscillation — that  is, 
a  conformity  of  the  positions  of  equilibrium  if  the  direction  of  the  linear 
oscillation  is  interchanged  with  that  of  the  line  perpendicular  to  the  plane 
of  the  circular  oscillation  and  the  words  "stabile"  and  "labile,"  as  well  as 
"upper"  and  "lower",  are  substituted  one  for  another.  3.  Elliptical  oscilla¬ 
tion.  Linear  oscillation  which  does  not  proceed  harmonically  but  with  a  con- 
stand  velocity  and  a  sudden  reversal  of  it  can  be  easily  treated  in  the  same 
way.  Only  the  results  obtained  in  this  case  are  given.  The  direction  of  all 
the  positions  of  equilibrium  can  be  calculated  by  means  of  a  simple  approxi¬ 
mate  proceeding,  "^he  frequency  with  which  the  pendulum  can  oscillate  around 
the  stabile  positions  of  equilibrium  is  explained. — Author's  abstract  trans¬ 
lated  by  W.  Ayvazoglou. 

(3)  DIE  INVARIABILITAT  DUD  ABSTIrffldJG  VON  MINIMUl^PENDELN 
(THE  INVARIABILITY  AND  ADJUSB.ISNT  OF  MINIMUM-PENDULmS) 

By  E.  Kohls chut ter 

t 

Zeitschrift  fuer  Geophysik,  vol.  6,  No.  8,  1930,  pp.  466-476. 

The  question  raised  by  0.  Meisser  concerning  the  development  of  a 
formula  for  the  variability  of  invariable  minimum  gravitational  pendulums 
produced  by  small  knife-edge  disolacements  or  reasons  haying  a  similar  effect 
is  formulated  and  apnlied  to  -oendulums  which  can  be  manufactured  practically. 

A  table  for  this  yariability  is  calculated.  Fomulas  for  calculation  and  ad¬ 
justment  of  cylindrical  rainimum-uendulums  are  derived. — Author's  abstract 
translated  by  W.  Ayvazoglou.  Note:  The  article  is  followed  by  two  brief  dis¬ 
cussions,  one  written  by^jO.  Meisser  under  the  heading:  Bemerkung  zu  der 
Arbeit  ][Die  Invariabilitat  und  Abstimmung  von  Minimum-pendeln"  by  E. 
Kohlschutter  (Remarks  on  E.  Kohl s chut ter 's  work  "The  Invariability  and  Adjust¬ 
ment  of  Minimum  Pendulums);  the  other  is  an  "Answer"  (Erwiederung)  written  by 
E.  Kohlschutter. 

(4)  iWOVI  CALCOLI  DI  INFLUENZE  GRAVIMETRICHE  DI  TERRENI 

SUPERFICIAL!  E  PROFONDI 

(NEW  CALCULATIONS  ON  THE  GRAVIMETRICAL  INFLUEl^CS  OF 
SUPERFICIAL  AND  DEEP  ivlASSES) 

By  Arnaldo  Belluigi 

Erganzungshef te  fuer  Angewandte  Geophysik, 
vol.  1,  No.  2,  1930,  pp.  141-148. 

The  author  establishes  new  calculations  on  the  gravimetric  influence 
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of  superficial  and  subsurface  disturbing  masses.  He  refers  to  some  of  his 
previous  investigations  concerning  topographic  correction  and  develops  a  new 
process  in  connection  with  it.  The  author’  tries  to  solve  the  question  of  the 
influence  of  dist’orbing  masses  at  a  depth  by  auproximation  of  imaginary  dis¬ 
turbing  bodies  to  the'real  ones.  A  special  solution  for  an  imaginary  body  of 
the  form  of  a  paralleleuiped  is  given* --Author's  abstract • translated  by  W. 
Ayvazoglou. 

„  ,  (5)  VERGLSICH  DER  AUFZeICHHTJHGEN  ZW3IER  GALITZINPENDEL  MIT 

VSISCHIEDEHER  EIGEHL^ERIODE 

%■  **  ’ 

(COMPARISON  OF  RECORES  OF  WTO  GALITZIN  PENDULUlvIS  WITH  DIFFERENT 

NATURAL  PERIODS) 

.  By  Helmut  Lands  berg  '  '' 

Gerlands  Beitrage  zur  Geoohysik,  vol.  27,  No.  3-4,  1930,  pp.  326-359. 

'  -  The  same  comuonent  was  registered' in  theTaunus  Observatory  by  two 

GalltzinpendulTjms ,  one  with  the  natural  period  of  3  seconds  and  the  other  of 
18  seconds.  The  records  of  these  penduluns,  already  discussed  by  B.  Gutenberg 
in  his  article  "Registration  made  with  two  Galitzin-uendulums  with  different 
periods,"  (see  Geoohys.  Abs.  No.  13,  p.  11),  were  submitted  to  a  systematic 
investigation.  The  advantage  of  the  installation  of  the  instr-uments  consisted 
of  the  fact  that  the  starting  of  the  earthquake  was  very  distinctly  recorded 
by  the  pendulum  with' short  ueriods;  clear 'records  of  the  after-shocks  were  ob¬ 
tained  by  this  uendulum  also.  Ninety-four  earthquakes  were  inyestigated  and 
it  was  proved  that  waves  of  long  periods  never  arrived  before  the  waves  of 
short  periods. 

t , 

In  more  than  50  per  cent  of  all  the  cases  there  were  no  waves  of 
long  period  in  P;  they  appeared  there  only  in  the  later  phases.  The  possibil¬ 
ities  of  the  origin  of  a  time  difference  of  from  one-half  to  2  seconds  in  p 
of  both  kinds  of  waves  are  discussed.  The  phase  maximum  of  long-period  pendu¬ 
lum  in  P  was  generally  delayed  if  compared  with  the  short-period  pendulum. 

The  ratio  of  maximum  amplitudes  of  the  ?-phase  in  both  pendulums  shows  a  dis¬ 
tinct  dependence  on  the  focus-distance. 

-  I  i  ,  .  •  ' 

There  were  unknown  groups  of  short  waves  observed  between  P  and  S 
during  most  earthquakes;  they  were  used  for  the  construction  of  some  travel¬ 
time  curves,  of  course  with  restrictions.  A  general  comparison  of  the  apuear- 
ance  of  long  and  short  waves  at  single  phases  of  earthq'uhkes  was  carried  out 
and  it  was  proved  that  almost. all  the  .groups  which  were  longitudinal  on  their 
whole  course  have  shown  waves  of  short  periods.  The  question  of  the  appear¬ 
ance  of  short  periods  in  changing  waves  is  discussed,  and  a  general  view  on 
the  proportion  of  the  different  phases  in  the  two  pendul'ams  is  given. 

.Microseisms  of  only  4  to  10  second  were  investigated  because  only 
these  earthquakes  were  recorded  by  both  pendulums.  A  dependence  of  the  periods 
in  the  two  pendulums  could  not  be  established.  Concerning  the  yearly  course 
of  the  periods,  it  was  found  that  the  long  and  the  short  periods  were  recorded 
at  the  same  time  in  summer  as  well  as  in  winter,  and  only  the  amplitudes  which 
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belong  to  the  single  Traves  were  changed.  Ihe  influence  of  the  English  and 
Norwegian  surf  was  investigated,  and  it  v-as  again  established  that  microseieras 
and  surfs  alwa^\-s  change  in  the  same  sense. — Author's  abstract  translated  by 
7}.  Ayvazoglou. 

(6)  GEOLOGICAL  INTSHPRETATION  OF  MACaJETOMETRIC  AND  GRAVPiETRIC 
OBSERVATIONS  WITH  THE  AID  OF  APPARATUS  FOR  MECHANICAL 
CALCULATIONS  (IN  RUSSIAN) 

By  G.  Gambartzeff  ^ 

Journal  of  Anplied  Physics,  Moscow, 
vol.  5,  No.  3-4,  pp.  227-235,  and  vol.  6,  No.  1,  pp.  62-67,  1929. 

The  author  describes  mechanical  instr^araent6  by  which  the  deviations 
of  the  magnetic  potential  and  gravimetric  potential  of  an  infinitely  long 
homogeneous  cylinder  of  any  section  can  be  calculated.  The  whole  course  of 
the.  distribution  curve  of  the  force  of  gravity  perpendicular  to  the  peripheral 
line  of  the  cylinder  can  be  graphically  represented  directly  by  encircling  the 
borders  of  the  cross  section  of  the  c.ylinder. 

Owing  to  the  well-known  relation  between  the  magnetic  potential  and 
gravilfational  potential  (in  case  of  a  homogeneous  magnetization)  the  apparatus 
can  serve  for  geological  interpretation  of  both  gravimetric  and  magnetic  ob¬ 
servations.  Theoretical  calculation  for  constructing  the  instruments  and 
graphical  designs  of  them  are  given. — W.  Ayvazoglou. 

2.  MAGNETIC  METHODS 

(7)  BEZIEHUNGEN  ZWISCIIEN  GEOLOG  I  SCHEIE  UND  SRIMAGNETISCHEN  TORHALTNISSEN 
(RELATION  BETV/EEN  GEOLOGIC  AInID  SARTHMAGNETIC  CONDITIONS) 

By  F.  W.  Pfaff 

Zeitschrift  fuer  Praktische  Geologic, 

vol.  38,  No.  9,  pp.  129-135  and  No.  10,  pp.  154-159,  1930. 

Wettergebirge  has  been  chosen  by  the  author  for  investigation  of  the 
way  in  which  the  earthmagnetic  values  of  declination,  horizontal  intensity, 
end  inclination  are  affected  by  the  geological  structure  of  the  upper  earth 
layers.  Tlie  best  way  to  understand  the  correlation  between  the  geological 
and  magnetic  conditions  is  to  compare  the  values  of  the  magnetic  elements 
which  can  be  expected  under  normal  conditions  with  those  obtained  by  measure¬ 
ments.  In  a  table  accompanying  this  article  Pfaff  gives  the  measured  and 
normal  values  of  the  magnetic  elements  as  well  as  the  differences  between  these 
values  for  a  few  formations.  At  the  end  of  the  table  the  mean  values  of  the 
differences  are  calculated  for  shell  limestone,  belemnite  limestone,  raibler 
and  haupt  dolomite. 

The  second  part  of  the  article  deals  with  influences  upon  the  values 
of  the  magnetic  elements  in  the  region  described  in  connection  with: 
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The  faults  ancl  lines  of.  disturbances, 

.  ■!  ^  The  influence  produced  by  a  syncline,  ' 

The  reduction  for  a  level  terrane, 

CT  hi"'-  ’..i  V  . 

Tlio  explanation  of  tlie  small  values  for  H  and  I  in  the 
nor  ohern  Mit'tenwald, 

Tne  influence  caused  by  the  great  lines  of  disturbance. 

In  conclusion  the  author  says  that,  if  the  measured  values  only  are 
compared,;  the,  direct  influence  of’  the  geological  conditions  upon  the  values 
of  the  magnetic  elements  can  hardly  be  noticed,  but  they  become  noticeable 
V7hen  corrected  (specific  magnetisation)  for  the  topographic  and  geogr^hic 
positions,  as  well  as  for  the  thickness  of  the  layers  (geological  and  tectonic 
height);  thus  the  following  conclusion  has  been  drawn:  For  most  of  the  sta¬ 
tions  of  the  region  in  which  the  measurements  were  carried  out,  the'  specific  ' 
•magnetization  agreed  with  the,  tectonic  hei^it. — W.  Ayvazoglou.  '  ' 

3-  SEiS!>:ic  MeaHoDS  ■  " 

■  :  'i  .  !  ■ 

(8)  PRCC-RSSS  OF  SSISMOLOGICAL  IITVSSTIGATIONS  IN  THE  UNITED  STATES, 

By  N.'  Heck'",'-  ■  ;  '  • 

»  ’  .  .  f 

U.  S.  Coast  and  Geodetic  Survey,  Suecial  Publication  No.  167,  14  pp.' 

In  this  oamphlet  the  author  gives  a ‘brief  descri'otion  of  the  progress 
of  seismological  inyestiga^ons  in  the  United  States  cove.ring  a,  period  from 
July  1,  1927,  to  January  1,  1930.  Attainments  made  during  this  period  affected 
the  following  oroblems  of  seismology: 

1.  Installation  of  high-grade  instruments; 

2.  Develooraent  and  perfection  of  new  types  of  instruments; 

3.  Expansion  of  urograms  of  local  investigations  in  regions  more  fre¬ 

quently  subject  to  earthquakes; 

4.  .Expansion  of  programs  of  teleseismic  investigation; 

5.  Attack  on  the  engineering,  insurance,  and  other  practical  phases  of 

the  problem; 

6.  Unprecedented  oublic  interest  in  the  subject. 

Tlie  pamphlet  is  divided  into  two  parts*,'  the  first  deals  with  the  work 
of  the  Coast  and  Geodetic  Survey;  in  the  second  a  s'ummary  of  earthquake  investi¬ 
gations  in  the  United  States  made  also  by  other  institutions  is  given. 

Two  maps  showing  (1)  the  seismological  stations  of  the  United  States 


8897 


6 


I.c.  6441. 


and  adjacent  Canada  and  (2)  important  seismological  stations  in  the  United 
States  and-regions  under  its  Jurisdiction  are  added. 

A  list  of  teleseismic  stations  distributed  in  the  United  States  con¬ 
cludes  '-the'  -article. — Wi  Ai^azoglou. ■ 

(9)  SSISMISCHE  UNrasUC-HUNGElJ  AU^’  DBvI  PAST3RZ3GLSTSCH2R 
'  CSEISMiC'^flVES^^IGATIONS  THE  PASTERZ'E  GLACIER) 

By  B.  Brockamp  and  H.  Mothes 

■  2eitschrift  fuer  Geophysik,-  vol.  6',  Ho.  8,  1930,  up.  462-500.' 

The  authors  describe  the  seismic  investigations  carried  out  by  them 
in  August,  1929,  on  the  Pasterze  Glacier  (Eastern  Alps).  The  p-urpose  of  the 
work  was  as  follows:  •  f  •  ; 

•  1.  To  make  seismic  measurements  at  fixed- places’ oT  the  glacier' basin. 

2.  To  collect  material,  following  the^^  direct  ion -of  the  work  established 

by  the  Geophysical  Institute  of  Gottingen,  ^for  the  study  of  special 

questions  connected  v/-lth  the  propagation  of  waves. 

t.  , 

Determinations  on  the  following  v;aves  were  made: 

1.  Longitudinal  raves,  Vp  =  3,580  meters  per  second. 

2.  Transversal  waves,  Vg  =  1,670  meters  per  second. 

3.  Longitudinal  waves  which  passed  thruagh  the  rocks  situated  below  the 

glacier,  Vpl  =  5,850  meters  per  second.  '  '  ' 

4.  Longitudinal  and  tre,nsversal  waves  which ‘passed  tlirough  the  ice  at 

the  lower  border  of  the  ice,  and  Ug» 

5.  Reflected  longitudinal  waves,  Rj  and  Rjj* 

The  P^-waves  and  the  U^-waves  were  used  fdr  the  determination  of  the 
mean  depth,  and  the  Rj-waves  were  used  for  calculation  of  single  values  of  the 
depth. 

They  served  for  the  construction  of  longitudinal  profiles  and  cross 
orofiles  of  the  glacier. 

A  series  of  figures  showing  these  urofiles  is  given.  'Aore  than  70 
seismograms  were  taken.  Nine  of  them  are  shown  in  the  fig'ares. — W.  Ayvazoglou. 
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(TO)  ms  I  ;iPULSFSLD  mn  PHAF.TISC:ISN 'SEISi'HK  III  GRAPIiISGIIER  BEHAEDLUNG 

(THE  IMPULSE  FIELD  OP  PRA.CTICAL  SEISMICS  TESATED  GRAPHICALLY) 

By  E.  A.  Ansel 

Erganzungshefte  fuer  angewandte  Geophysik, 
vol.  1.  No.  B,  1930,  pp.  117-136. 

The  author  derives  graphical  methods  hy  which  the  strata  of  the  sub¬ 
soil  ,  the  inclination  of  the  strata  and  the  discontinuities  of  the  strata  can 
he  determined  in  more  or  less  simole  cases  with  the  aid  of  the  travel-time 
curve . 

The  great  importance  of  the  "contact  curve"  for  the  graphical  treat¬ 
ing  of  the  impulse  field  is  mentioned,  and  the  construction  of  this  curve  from 
the  data  obtained  for  the  travel- time  curve  is  explained. — W.  Ayvazoglou. 

(11)  ERGEBNISSS  SEISMISCHER  UNTERSUCHUNGEN  UEBER  DEN 
SCHICHTENAUFBAU  VON  NORD  DEUTSCHLAND 

(RESULTS  OP  SEISMIC  INVESTIGATIONS  MDS  OVER  THE  STRUCTURAL 

LAYERS  IN  NORTH  GERMANY) 

By  0.  Barsch  and  H.  Reich 

Erganzungshefte  fuer  Angewandte  Geophysik, 
vol.  1,  No.  2,  1930,  pp.  165-188. 

The  article  is  divided  into  the  following  three  parts:  (1)  General 
remarks.  (2)  Seismic  investigations  near  Dobrilugk.'  (3)  Seismic  investiga¬ 
tions  in  Priegnitz  and  Schleswig-Holstein. 

Diagrams  showing  the  travel- time  curves  and  the  seismograms  obtained 
from  the  investigations  in  the  regions  mentioned  above  are  given. 

Based  on  the  results  from  this  work  in  various  regions  of  North  Ger¬ 
many  the  authors  determined  the  values  for  the  velocities  of  wave  propagation 
in  a  series  of  rocks: 

Dry  sandy  diluyium  ---------  700  to  1,000  meters  per  second. 

Watered  diluvium  ) 

) 

Marly  diluvium  ) 

)------  1,000  to  1,700  meters  per  second. 

Sandy-clayer  Miocene  ) 

) 

Clayey- sandy  Oligocene  ) 

Marley  Eozoic  (?)  ---------  1,800  meters  per  second. 
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Chalk  *-  -  ^  -  -  ---r  2, 100- to  2,250  meters  per  second.  • 

Productive  carhon  (clay  slate  and 

sandstone  -----------  about  3,800  meters  per  second. 


Cambrian  (clay  slate  and  quartzites)  about  5,000  meters  per  second. 

A  few  other  layers  with  =  3,000  to  3,600  meters  per  second,  found  at  differ¬ 
ent  depths,  are  mentioned  but  with  much  caution.  In  spite  of  their  reserve, 
the  authors  seem  to  be  of  the  opinion  that  the  deeuly  situated  layers  of  dis¬ 
continuity,  which  for  all  the  profiles  given  in  the  article  have  an  almost 
horizontal  position,  may  be  considered  transgressive  layers.  While  such  a 
transgressive  layer.-  covered  with  chalk,  was  found  in  Priegnitz  at  about  £00 
meters  in  depth,  in  Schleswig-Holstein  the  dialk  was  missing  and  the- depth  of 
the  transgressive  layer  was  only  about  600  meters.- 


The  real  reason  for  the  great  magnetic  and  gravimetric  disturbances 
in  North  Germany  could  not  be  established  with  certainty  by  seismic  methods. 
Therefore  it  may  be  concluded  that  these  rocks,  at  least  as  far  as  the  regions 
investigated  are  concerned,  are  probably  situated  at  a  depth-  greater  than 
1,000  meters. 


The  well-known  subterranean  structure  of  the  -region  tinder  investiga¬ 
tion  was  of  great  assistance  to  the-  authors  in  studying  the  course  of  the 
seismic  waves,  as  well  as  other  problems  of  apulied  seismics  important  from 
both  practical  and  theoretical  viewpoints. — Author's  abstract  translated  by 
W.  Ayvazoglou.  .  .  - 

(12)  A  PPOPOS  D'UNE  0ND2  LONGUE  DANS  LA  PREMIERE  PHASE  LE  QUELQUES  -- 

SeIlSMOGRAMMSS  -  .  ,  .  ,  - 

(CONCERNING  ONE  LONG  WAVE  APPEARING  IN  THE  FIRST  PHASE  OF 

30ICE  SEISMOGRAMS)  .  _  - 


By  0.  Soraville 

Gerlands  Beitrage  zur  Geophysik,  vol.  27,  No.  3-4,  1930,  pn.  437-442. 

In  this  article  the  author  mentions  a  very  striking  long  wave  of  a 
period  of  about  24  seconds  which  was  registered  in  some  seismograms  obtained- 
in  the  Observatories  of  Taunus,  De  Bilt,  and  Uccle  by  means  of  Galitzin  pendu¬ 
lums  with  long  natural  periods  during  the  earthqualces  observed  in  Italy  in 
1928,  1929.  and  1930,  .  r 

•  *  I  •.**•■  * 

This  wave,  which  the  author  calls  the  PL  wave,  has  so  far  been  ob¬ 
served  only  in  connection- with  the  Italian  earrthquakes.  Thus,  before  trying 
to  give  an  interpretation  on  the  nature  of  this  wave  the  author  raises  the 
following  questions:  Can  the  PL-wave  be  observed  in  other  directions  than  the 
northern,  as  in  Italian  earthquakes?  Has  it  been  observed  in  other  cases?  He 
adds  that,  of  course,  the  answer-,  to  the  questions  may  be  difficult,  as  there 
are  only  a  few  stations  working  with  seismographs  with  long  natural  periods. 

In  the  last  figure  the  author  has  drawn,  based  on  observations 
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mentioned  in  this  article,  a  first  curve  of  times,  of  propagation  of  the  PL- 
wave  for  distances  from/A=  500  kilometers  to^=  1,400  kilometers. — W. 
Ayvazoglou. 

•  '  ■  "‘4.  BLECTRICAL  METHODS 

■  \  (13)  RESISTiyiTY  MEASURBi\ffilTTS  OP  OIL-BEARING  BEDS 

,  *  By  P.  V/.  Lee  and  J.  H.  Swartz  '  '  ’ 

« 

U.  S  Bureau  of  Mines,  Technical  paper  488;'  1930,  12  pp. 

In  the  introduction  to'  this  paper  the  authors  propose  to  show  the 
results  of  experiments  in  oil-hearing  territory,  using  electrical  resistivity 
methods.  The  development  of  these  methods^  is  Briefly  mentioned. 

Under  the'heading  of  "Partition  Theory"  two  methods  of  apuroach  for 
determining  the  character  of  subterranean  formations  are  evolved.  In  the 
first  class  the  authors  place  a  thdoretical  discussion' of ' parallel  beds  with 
different  resistivities  in  each  one,  as  discussed  by  Hummel,  'and  in  the ‘second 
the  results  of  field  observations  without  complete  mathematical  analysis. 

To  tes't  this ‘theory  a  district  Ah' Allen  C'Qunty,  Ky. ,  was  Selected. 

The  oil  here  is  at  an  extremely  shallow  depth  and  therefore  'all  conditions  are 
favorable  for  discovering  oil  as  Outlined  in  the  article.  A  geological  des¬ 
cription  of  territory  is  given  and  factors  controlling  the  accumulation  of 
oil  in  this  area,,  as  well  as  the  groups  into  which  the  oil  sands  of  Allen 
County  fall,  are  men  bionod.  The  proce_ss  of  taking  measurements  and  apparatus 
used  for  observations  ^Rooney-Gish  apuaratus)  is  described.  The  contour  of 
the  testing  site  is  shown  in  a  figure. 

The  results  of  measurements  carried  out  at  three  stations  are  illus¬ 
trated  by  diagrams.  The  work  was  carried  out  in  December,  1929. 

In  conclusion  the  authors  say  that  although  the  results  of  these 
tests  show  favorable  reactions  under  certain  circumstances,  they  require  much 
more  work  to  establish  their  validity;  thus  this  paper  may  serve  as  an  experi¬ 
mental  guide  to  persons  interesto'd 'in  locating  oil  at  shallow  depths,  and  con¬ 
tinued  application  of  these  methods  "i.S  necessary  to  improve  their  technique 
before  very  deep  investigations  of  oil  formations  can  be  made''with  reliable 
results .  ' '  i 

A  list  of  books  relating  to  electrical  resistivity  methods  is  added. — 
W.  Ayvazoglou.  '  . 

(14)  THE  USE  OF  GEOELEGTRICAL  METHODS  UNDERGROUND 
‘  ■  By  G.  P.  Halier' 

f  '  ... 

•  The  Mining  Journal  (Phoenix,  Arizona),  vol.  14,  No.  9,  1930,  pp.  11  and  30. 

In  this  article  the  author  discusses  the  application  of  geoelectrical 
methods  of  prospecting  to  underground  investigation  by  which  the  miner  is  given 
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a  chance  to  obtain  more  definite  information  as  to  the  presence  of  ore  before 
further  mining  exploration  is  begun. 

The- underlying  principles  of  the  method  are  mentioned  briefly  and 
the  effects  obtained  by  geoelectric  measurements  in  different  cases  by  which 
the ' determination  of  the  location  of  existing  ore  bodies  is  possible  are  shown 
in  a  series  of  figures.  The  necessity  of  testing  the  conductivity  of  samples 
of  the  minerals  which  occur  in  the  area  to  be  investigated  before  starting 
the  actual  survey  is  mentioned.  Illustrations  obtained  from  geoelectrical  in¬ 
vestigations  of  copper  mines  accompany  the  article. 

In  conclusion  Haller  says  that  the  real  benefit  to  be  derived  by  the 
mining  engineer  and  the  geologist  from  this  branch  of  geoelectrical  investiga¬ 
tion  is  evidenced  by  practical  experience.,  but  he  adds  that  although  of  great 
value  in  capable  hands  the  results  can  -be  more  damaging  than  helpful  in  the 
hands  of  the  inexperienced,  as  only  a  thoroughly  trained  expert  in  geoelectri¬ 
cal  methods  is  able  to  compute  the  results  and  to  interpret  the  obtained  data 
geologically  and  with  exactness.  Furthermore,  a  close  cooperation  with. the 
geologist  is  essential. — W.  Ayvazoglou. 

(15) ’geophysical  study  predicts  rock  conditions  at  tuni®l  site 

By  E.  E.  Carpenter  and  S.  G.  Leonardon 

Reprint  from  Engineering  News-Record,  September *4,  1930. 

Lack  of  knowledge  of  underground  conditions  at  the  sites  of  certain 
engineering  works,  especially  dams  and  tunnels,  affects  construction  methods 
and  costs  to  such  an  extent  that  advance  information  in  regard  to  rock  forma¬ 
tion  and  water  conditions  is  of  the  utmost  value. 

No  attempt  is  made  in  this  article  to  detail  the  technique  of  the 
geophysical  exploration,  and  only  a  brief  explanation  of  the  theory  of  rock 
resistivity  upon  which  the  electrical  method  is  based  is  given. 

The  authors  describe  the  electrical  exploration  work  at  Bridge  River 
Tunnel  carried  out  in  the  surmer  of  1928. 

Tlie  constitution  of  the  rocks  encountered  along  the  tunnel  which  have 
been  bored  through  since  are  indicated,  proving  the  accuracy  of  the  results 
obtained  by  examination  of  the  resistivities  of  the  rocks. — W.  Ayvazoglou. 

(16)  ON  THE  RESULTS  OF  THE  ELECTRICAL  PROSPECTING  IN  THE  REGION 

OF  NOVO-GROZNY  (IN  RUSSIAN) 

By  A.  Shaiderov 

Azerbeidjanskoe  Neftianoe  Khoziaistvo, 
vol.  10,  No.  9,  1930,  pp.  78-85 

After  a  brief  explanation  of  the  principles  of  electrical  methods 
of  prospecting,  Shaiderov  describes  the  methods  carried  out  for  the  electrical 

Investigation  of  the  geological  struct'xre  in  the  region  of  Grozny  in  the  year 
1929-30. 
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llie  following  methods  were  applied:  ' 

1.  The  resistivities  of  rocks  depos  ited  rat  certain  depths 

were  determined  hv  construction  of  eledtrical  profiles. 

2.  The  resistivity  of  rocks  at  differ,ent -depths- was  deter 

mined  by  electrical  boring.,  •  ■  ■:  ■  '' 

3.  Tlie  extension  of  rocks  and  their. inclination  was  deter¬ 

mined  by  applying  stakes. 

For  the  construction,!  of  prof iles  corresponding  .■to.i.di f-fe bent  depths 
three  different ,  distances  (150,  600,  and  1,000  meters),  between- th&  electrodes 
were  applied.  '  .k-  - 

Based  on  the  favorable  results  of  investigation,  which  agreed  entirely 
with  the  known  geological  data  of  the  region,,  bhe  apthor  draws  the '.conclusion 
that  electrical  methods  of  -prospecting  can  be  appl.led  -ifith  advantage  “in  case 
the  horizons  lu-idei-  investigation  have  distinct  electrical  characteristics. 

The  article  is  illustrated  by  the  following  maps: 

1.  A  map  showing  the  character  of  the  electrical  profiles  for 
‘  distances  of  150  and  1,000  meters  between  the  electrodes. 

2.  A  map  showing  the,  reGults  of'  electrical  measurements  at  a 

, ,  .  depth  of  .from  150  to  200  meters.  -  ...  \  ■ 

.....  .  .  . -  .  ‘  M  ^ 

3.  ’  A  map  showing  the  results  ; of  el ectrical . measurements  at'  a 

depth  of  from  20  to  30  meters. 

^  ■  ■-..•>  ■  ■  ■; ■■  ,  ,  .  '■  J:  .. 

,  ,  ,  4.  A  section  and  profile  along  ,the  lin©  of  shafts.  ' 

5.  A  map  of  vectors  of  inclination  of  the  rocks. 

..  ,v, '  '  .'W.  -Ayvazoglou. 

(17)  t^ESULTG.OF  SOi/iE  HECENT  G.EOPIIYSICAL  TESTS 

By  L.  11.  Henderson  and  V.  P.  Peiv-tegcff- '  '  ■  , 

Reprint  from  The  Mining  Journal,  Phoenix,  Arizona,  3  pp. 

Eased  on  the  accompanying  maps  and  figures,  the  authors  discuss  a 
series  of  problems  solved  by  electrical  methods  of  prospecting: 

1.  Map  showing  resistivity  survey  of  Silver  Mpn-ument  Mine,  Chloride,  N.M. 

2.  Map  of  detailed  electrical  survey  for  Spruce  Mountain  Mining  Co., 

Sprucemont,  Ne-v.  .  ,  ■  ,  ,  - 

.  ,  •  ^  '  i  ‘  ^  ’  ... 

3.  Details  .of  the  electrical  survey  of  the  Silver  Plume  property  of 

Minaret'  Consolidated  Mines  Co.,  Cananea,  Sonora,  Mexico. 
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4.  Map  showing  area  in  which  electrical  survey  was  conducted  at  Chino 

Mines,  Nevada  Consolidated  Copoer  Co.,  Santa  Rita,  N.  M. 

5.  Comoarative  orofiles  of  results  from  electrical  survey  and  drill 

prosnecting  at  the  Nevada  Consolidated  Copper  Co.,  Chino  Branch. 

In  all  the  cases  the  results  of  geophysical  surveys  were  very  satis¬ 
factory  and  agreed  with  the  data  obtained  by  drilling. — W.  Ayvazoglou. 

(18)  AMPLIFICATORI  GS0M2TRICI  DI  PICCOI.E  DEFORMAZIONI  DI  LINIE 
DI  CORRENTE  IN  UN  SUOLO  ARTIFICIALMENl'E  ELET'TRIZZATO 

(GEOMETRIC  AI\4PLIFIER  OF  SivLALL  rEFORilATIONS  OF  LINES  OF  CURRENT 
IN  AN  ARTIFICIALLY  ELECTRIFIED  SOU) 

«  *  * 

By  Arnaldo  Belluigi 

Erganzungshef te  fuer  Angewandte  Geophysik, 
vol.  1,  No.  2,  1930,  pp. .137-140  • 

The  author  gives  the  theory  of  a  geometrical  "amplifier"  by  which 
the  small  deformations  of  the  lines  of  current  in  an  artificially  electrified 
soil  can  be  disclosed.  '  ' 

He  concludes  that  these  lines  can  be  used  for  the  interoretation  of 
the  geoelectrical  results. — Author's  abstract  translated  by  W.  Ayvazoglou. 

(19)  EINIGE  UBERSCHLAGSRECHNUNGEN  ZU  DEN  PHASENVER.hIl'IV'NISSEN 
IM  POTENTIAL  FELD  BEI  GE0PHY3 1  KALIS  CHEN  BODENUNTERSUCHONGEN 
MIT  7/SCHSELSTROM  MITTLERER  FREQUENZ 

(SOME  CALCULATIONS  CONCERNING  THE  PHASE-PATIO  IN  A  POTENTIAL 
FIELD  DURING  GEOPHYSICAL  INVESTIGATION  OF  THE  SOIL  WITH 
ALTERNATING  CURRENT  OF  MEDIIB^  IREqUENCY)  . 

By  W.  Heine 

11 

Erganzungshef te  fuer  angewandte  Geophysik, 
vol.  1,  No.  2,  1930,  pp.  156-164 

With  the  aid  of  the  approximate  formula  derived  previously,  the 
author  calculates  the  phase  displacement  between  two  lines  of  current  in  media 
of  unequal  electrical  conductivity  for  different  values  of  conductivity. 

The  dependence  of  the  phase  displacement  on  the  absolute  values  of 
the  specific  gravities  of  the  two  media  is  proved. 

The  difference  in  phase  displacement  between  the  lines  of  c\irrent 
placed  at  1  and  10  meters  distant  from  the  deposit,  the  effect  of  this  differ¬ 
ence  for  measurements  of  the  potential  lines  being  the  hipest  in  case  of 
minimum  width,  obtains  hi^er  values  only  if  one  of  the  two  media  has  a 
specific  resistance-  of  the  order  of  from  10^  to  10^  ohms,  while  in  case  of 
lower  or  hi^er  values  this  phase  difference  remains  very  small.  This  agrees 
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with  experience.  By  using  an  approximate  proceeding  the  author  derives  and 
calculates  also  the  phase  displacement  resulting  from  the  change  of  current 
density  along  the  central  perpendicular  line  drawn  ori  the  line  connecting  the 
electrodes ‘("zero"  potential  line). — Author's  abstract  translated  by  W. 
Ayvazoglou..  ,  ...  ...  o.,.^  : 

(20)  DAS  ELEKTRISCHE  UND  MAGNETISCHE  FELD' UM  EIKEN  "ERDSTRAHLER" 

(THE  ELECTRICAL  AND  MAGNETIC  FIELD  around  A  "DIPOL") 

By  Herbert  von  Ludwiger  ; 

Erganzungshefte  fuer  angewandte  Geophysik, 
vol.  1,  No.  2,  1930,  pp.  ;1.89-226.. 

Contents  of  the  article:  - 

Introduction:  Purpose  of  the  work. 

Description:  .  -  :■  ,  :  n 

Chapter  1.  The  elliptically  polarized  alternating  field 
examined  at  one  point  pf  the;  'field  measured. 

Chapter  2.  The  measurements,  the  terrane  on  which  the 
--  measurements  were  made,  and  apparatus .  ; 

Chapter  3.  Sunmarized  representation  of  the  measured  data. 

Chanter  4.  Physical  meaning  of  the  curves-.  ;  :■ 

'  .  ..i  'L  . 

The  article  deals  with  measurements  of  the  electromagnetic  alternat¬ 
ing  field  around  a  dipol  in  a  medium  of  poor  conductivity.  Incase  of  alter¬ 
nating  currents  of  the  tone-frequency  cliaracter,  .the  normal  field  at  the  point 
of  measurement  was  found  to  be  an  elliptically  polarized  rotation  field. 

r 

1;  . .  •  •  •  ■  .  ■  '  ' 

Thus  the  measurement  proceeding  required  the  taking  into  considera¬ 
tion  of  the  time  necessary  for  the  flow  of  the  current  within  one  period  of 
the  alternating  current  produced.  Therefore,  at  each  point  of  measurement, 
the  electrical  field  inside  of  the  soil,  as  well  as  the  magnetic  field  above 
the  soil,  was  measured  for  each  series  of  azimuths,  _  with  regard  to  the.  anroli- 
tude  and  phase,  for  two  quadrants  around  a  dipol  of  one-fourth  square  kilo¬ 
meter;  the  voltage  branched  off  from  the  excitation  served  as_a  comparison 
voltage  for  the  phase  and  the  amplitude.  The  measured: amplitude  curve  can;,  as 
proved  by  mathematical  calculation,  be  replaced  by  a  "two-circle- diagram"  from 
which  the  azimuth,  phase,  and  amplitude  of  the, major,  axis  of  the  oscillation 
ellipse  can  be  determined.  The  ratio  of  the  axe.s  can.^be;^ dje terrains d  from  the 
course  of  the,  phase  with  the  aid  of  a  simple- mathematical  relation. 

According  to.  geological  investigati.on,  the  subsoil  of.  one  of  the 
quadrants  consisted  of  limestone  deposited,  horizontally. 
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Eighty-four  pointa  of  measurements  distributed  according  to  a  polar 
coordinate  scheme  Fere  selected  here.  The  second  quadrant  was  characterized 
by  a  tectonic  disturbance  of  the  "Kleperspalte, "  a  water-conducting  Keuper- 
graben  in  the  midst  of  shell  limestone.  Forty-five  points,  distributed  accord¬ 
ing  to  the  rectangular  coordinate  scheme,  were  measured  here. 

Tne  following  results  were  obtained  from  measurements: 


1.  Lines  of  equal  maocimum  amplitude  for  the  electrical,  as  well  as  mag¬ 
netic  components  of  the  field,  are  circles  around  the  dipol ;  the  circular  form 
is  influenced  by  the  tectonic  disturbances  only  if  these  disturbances  are  in 
connection  with  strong  difference  in  conductivity. 


2.  The  electric  field  of  the  dipol  is  linear  only  at  the  points  situated 
at  the  prolongation  of  the  dipol  axis  and  its  normals  passing  through  the 
dipol;  in  all  the  other  points  the  field  is  elliptically  polarized.  Lines  of 
equal  elliptic! ty  are  closed  curves.  Lines  of  equal  ellipticity  of  the  hori¬ 
zontal  magnetic  field  are  parabolas. 


3.  The  electric  current  spreads  out  in  the  ground  in  the  form  of  a  wave 
extending  from  the  dipol  with  a  constant  velocity  of  propagation,  similar  to 
the  phenomenon  of  the  transverse  wave  observed  previously  in  a  cable.  The 
phase  conditions  in  the  main  direction  of  the  current  are,  owing  to  tho 
ellipticity  of  the  field,  of  no  physical  importance;  lines  of  equal  phases  for 
fixed  components,  given  by  the  coordinates  of  the  dipol,  were  calculated  and 
drawn;  for  the  phase  (vertical  phase)  and  (component  in  the  direction 
of^the  dipol-normal )  /the  drawing  resulted  in  ci^i^les  around  the  dipol.  From 


} 


resulted  a  transverse  wave  twice  as  long  as  from 


4.  Clear  information  on  the  tectonic  of  the  subsoil  ccjld  not  be  obtained 
from  the  results  of  the  amplitude  measurements  and  phase  measurements  carried 
out  with  probes,  owing  to  a  very  strong  influence  bf  the  heterogeneity  of  the 
s-urface  of  the  soil. 


3. ipTvom  the  geophysical  viewpoint  the  elements  of  the  magnetic  field, 

[/If  I  It.  ,  could  be  evaluated  the  best,  as  for  these  elements  the  lines  of 
connection  of  equal  values  in' an  undisturbed  field  were  represented  by  concen¬ 
tric  circles  around  the  dipol;  or  in  other  words  their  value  was  proportional 
to  the  distance  from  the  diool. 

6.  Deposits  of  different  conductivity  cause  distui'bances  of  the  normal 
course  of  the  field,  the  phase  curves  reacting  with  a  much  greater  sensitivity 
than  the  amplitude  curves. — Author's  abstract  translated  by  w.  Ayvazoglou. 

(21)  DIE  GEOELEKThlSCHEN  UNTERSUCHUITGEU  MIT  ^CliSELSTROM 
(GEOELECTRIC  im^ESTIGATIONS  WITH  ALTSRKATING  CURREET) 

Ry  VJilhelm  Geyger 


Zeitsciirift  fuer  Hochfrequenztechnik, 
vol .  34,  Nos.  5  and  6,  1930,  pp.  184-190  and  228-233, 

Contents  of  the  article; 
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( 


1»  Introduction. 

2.  'Theoretical  'bases  of  geoelectrical  methods. 

3.  Principles  of  measurements  used  in  geoelectrical  methods. 

.  -  4.  Direct- current  measurements. 

;  5.  Alternating- current  measurements. 

6.  Representation  of  vibration  phenomena  that  occur. 

7.  Method  of  the  compensation  measurement  proceeding  used. 

■8.  carrying  out  of  .terrane  measurements  in  practice. 

Tlaeory  and  measurement  proceedings  of  the  electrical  methods  of  pros¬ 
pecting  are  discussed,  especially  those  carried  out  with  alternating  current  of 
medium  frequency  of  about  500  Hertz, 

The  author  d’eccribes  a  complex  "slide-wire  alternating-current  compen¬ 
sator  (Schleifdraht-'57echselstrorakurr.pensator)  cieveloped  by, him,  by  which  the 
determination  of  the  two  components  of  the  alternating  electromotive  force ^per¬ 
pendicular  one  to  another  (actual  component  and  reacnive-  component)  can  be  de¬ 
termined  directly.  ...... 

li^teen  figures  and  33  references  complete  the  article. — W. 

Ayvazoglou.  .....  ,  .  .  ^ . 

(22)  THT  CONDITIONS  FOR  PROPAGATION  OF  ELECTROMAGNETIC  WAVES 
IN  IKE  EARTH  ATlviOSPHERE  (IN  RUSSIANO 

.  .  By  S.  Krutschkow 

Journal  of  Apul.ied  Physics,  Moscow,  vol .  7,  No.  3,  1930,  pp.  61-79. 

The  results  of  investigations  made  by  several  authors  show  that  the 
upper  layers  of  the  earth-atmosphere  consist  of  oxygen,  nitrogen,  and  helium. 

It  seems  that  in  the  regions  in  which  the  aurora  borealis  occurs  (altitude  80  - 
130  kilometers)  a  certain  part  of  the  oxygen-molecules  dissociates  into  atoms. 
Spectroscopic  examination  of  the  night  illumination  <)f  the  sky  proved  the  exist¬ 
ence  of  this  dissociation. 

After  a  discussion  of  various  theories  the  author  concludes  that  the 
temperature  in  the  free  atmosphere  can  not  be  established  with  certainty.  The 
following  are  taken  as  possible  temperatures:  180,  190,  200,  210,  220  and  300°, 
the  most  probable  being  those  from  215  to  300°.  Calculations  made  according  to 
the  formulas  given  in  the  article  result  in  the  conclusion  that  at  altitudes  of 
from  102  to  138  kilometers  on,  a  complete  dissociation  of  oxygen  molecules  takes  , 
place.  This  conclusion  has  been  supported  by  the  results  of  spectroscopic  ex-  ( 
aminations. 


Concentration  of  electrons  calculated  according  to  the  formulas  given 
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in  the  article  reaches  its  maximum  value  (about  3.10^  electrons  per  1  cm. 3)  at 
altitudes  of  fropi  113  to  168  kilometers.  This  concentration  of  electrons  is 
not  in  contradiction  v/ith  the  results  of  investigations  made  on  the  propaga¬ 
tion  of  electromagnetic  waves. 


The  calculated  altitudes  of  the  Feaviside  layer  agree  with  the  re¬ 
sults  of  examinations.  These  altitudes  depend  on  the  length  of  the  wave, 
initial  angle  of  the  wave,  and  the  temperature  of  the  stratosphere;  they  vary 
from  87  to  168  kilometers. — Author's  abstract  translated  by  W.  Ayvazoglou. 
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(MSASURECTrS  OS  THE  IJUIvIBSE  0?  ATMOSPHERICAL  GARRISES 
OF  ELECTHICITI  DUHHG  PRECIPITATION 

By  K.  Kahler 

Gerlands  Beitrage  zur  Geophysik,  vol.  27,  No.  2,  1930,  up.  226-240. 

The  number  of  atmospherical  ions  of, all  velocities,  of  small,  inter- 
medial,  and  large  ions  have  been  counted  at  the  Potsdam  observatory  during 
rains,  squalls,  and  thunderstorms.  The  results  of  these  measurements  are  com¬ 
pared  with  synchronous  registrations  of  the  atmospheric  potential  gradient. 

The  electrical  process  in  rain  clouds,  especially  the  new  l,7i  Is  on- theory  on  the 
origin  of  the  electrical  charges  of  the  drops,  is  discussed. — Author's  abstract. 

■  5.  RADIOACTIVE  METHODS 

LA  TENEUR  EN  PADILLl  DES  EAUX.PEITIOLIEIERES  DE  BAICOU  ET  DU  DAGHESTAN 


(PJIDIU'M  CONTENT  OF -PETP.OLIESRCU3  V/ATERS  IN  THE  REGIONS 

OP  BAI'IU  AND  DAGHESTAN) 


B.y  B.  Nikitin  and  L.  Koraleff 
•  ^ 

Comptes  Rendus  de  1 'Academic  des  Sciences.  Paris, 
vol.  191,  No.  7,  1930,  pu.  325-326. 

The  authors  studied  the  petroliferous  waters  in  the  regions  of  Baku 
and  Dagiieston  (Caucasus). 


Seventy- two  samples  taken  from  the  region  of  Balcu  were,  examined.  The 
emanation  method  was  used.  Measurements  were  made  with  Schmidt's  electrometer. 
The  hipest  content  of  radium,  averaging  3  x  10“^^  Ra  per  cent  (in  wei^t) , 
was  found  in  the  waters  of  the  Bibi-Sibat  group  (Baku),  the  richest  at  a  depth 
of  about  600  meters. 


IV’enty-two  Daghestan  samples  ^^ere  studied.  The  average  content  of 
Ra  was  1.2  X  per  cent.  These  \’'aters  contained  about  0.03  per  cent  of 

barium.  There  was  no  proportionality  between  the  contents  of  barivmi  and 
radium. 


8897 


17  - 


■I.c.  6441. 


Severe!  wells  are^.y-er^';  rich  in  waoers,  jneir  OLwi^ac  a  u.,a^ 

640,000  liters  per  day.  Thus,  the  quantity  of  radium  brought  by  them  to  the 
surface  of  the  earth  reaches  about  0.2  gram  per  year. — 'W.  Ay vaz ogl ou. 

(26)  THE  RADIOACTIVITY  OP  STONE  MOUNTAIN 
’  Bv  James  A.  Hootraan  and  W*  S.  Nelms 

The  Physical  Review,  vol.  35,  No.  11,  1930,  pp.  1431-1432. 

This  is  an  abstract  of  a  paper  presented  at  the  American  Physical 
Society  held  in' V/ashington,  D.  C-,  Auril  24-26,  1930.  The  abstract  reads  as 
follows: 

"The  radioactive  content  of  the  waters  which  issue  from  the  base 
of  the  unique  geological  formation  known  as  Stone  Mountain  (Georgia)  was  de¬ 
termined.  Tests  were  made  of  a  number  of  large  springs  well  distributed 
around  the  base  of  the  mountain,  and  of  other  shallower  sources  above  and 
below  the  1,000-foot  level.  The  method  employed  was  the  Schmidt  shaking 
method,  in  which  a  known  volume  of  water  is  thoroughly  shaken  with  a  Imown 
volume  of  air  in  a 'closed  container.  The  result iiig  mixture  of  air  and  radium 
emanation  is  then  pumped  into  an. electroscope,  and  the  rate  of  fall  of  the 
leaf  is  a  measure  of  the  radioactivity  of  the  water.  The  electroscopes  were 
calibrated  by  means  of  the  Duane  and  Labor de  formula,  arid  corrections  were 
made  for  temperature  and  pressure. _  This  method  has  been  shown  by  Ramsey  to 
have  an  accurac.y  of  about  3  per  cent.  A  majority  of  the  springs  tested  were 
highly  radioactive,  the  value  for  the  highest  being  15,980  x  lO"^^  curies 
per  litre.  This  value  is  nearly  twice  the  maximum  reported  by  Boltwood  for 
44  radioactive  surings,  and  more  than  half  as  large  as  the  maximum  reported 
by  Lester  for  178  mineral  waters  of  Colorado." — W.  Ayvazoglou. 

(26)  THE  NATURE  OP  COSMIC  RADIATION 
:  By  L.  P.  Curtiss 

The  Physical  Review,  vol.  35,  No.  11,  1930,  p.  1433. 

1 

This  paper  was  among  those  included  in  the  program  of  the  meeting 
of  the  American  Physical  Society  held  in  Washington,  D.  C. ,  April  24-26,  1930. 
The  abstract  of  this  paper,  as  published  in  the  Physical  Review,  reads  as 
follows: 

"The  Geiger-Muller  tube  counters  placed  vertically  above  each  other 
show,  in  addition  to  accidentals,  coincidences  which  have  been  ascribed  to 
cosmic  rays.  Absorption  experiments  by  Eothe  and  Kohlhorster  indicate  that 
these  rays  are  corpuscular.  The  author  has  made  observations,  with  the  poles 
of  a  large  electromagnet  between  two  counters,  recording  the  number  of  coinci¬ 
dences  with  and  without  the  magnetic  field.  With  the  field  used  of  7,000  gauss 
over  an  area  24  centimeters  in  diameter,  a  parallel  beam -of  10°  volt  electrons 
which  passes  through  the  upper  counter  would  be  deflectedcsuff iciently  just  to 
miss  the  lower  counter  in  spite  of  the  fact  that  the  H  ^  for  such  electrons  is 
approximately  3  x  10°.  Since  the  radiation  is  actually  diffuse  with  a  maximum 
in  the  vertical  direction,  using  two  counters  one  can  expect  only  a  slight 
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decrease  in  the  coincidence?  if  they  are  caused  hy  hi-^h-speed  electrons.  How¬ 
ever,  if  they  are  due  to  ul tra  ^ - ra;,'B ,  no  such  effect  shoxfld  he  observable. 
Making  the  theoretical  allowance  for  accidentals,  a  decrease  of  the  order  of 

25  per  cent  has  been  observed  in  the  coincidences  which  may  be  attributed  to 

cosmic  radiation.  This  confirms  tho  existence  of  a  corpuscular  radiation  of 

very  high  energy." — W.  Ayvazoglou. 

(•27)  UEBER  BEN  KLEINICHEHGEIiALT  EER  LU5T  AUE  HELGOUND  UND  SEINE 
ABhIi^GIGEEIT  von  METEOROLOGiSCIiEN  EACTOREN 

(ON  THE  CONTENT  OF  SMALL  IONS  IN  THE  AIR  IN  IfELG0L4ND  AND  ITS 
BSPEjNE3K'CS  on  METEOROLCG-ICAL  FACTORS) 

By  Oskar  Mathias 

Gerlands  Eeitrage  zur  Geophysik,  vol.  27,  No.  3-4,  1930,  pp.  360-377. 


Statistical  investigations  of  the  numbers  of  small  ions  obtained  in 
Helgoland  have  revealed  striking  relations  with  meteorological  and  maritime 
factors,  especially  with  those  closely  connected  with  the  n-iamber  of  nuclei 
(direction  of  wind,  transparency  of  atmosphere,  sunshine.)  The  author  recom¬ 
mends  that  in  future  in  counting  the  ions  the .Aitken- nuclei  be  also  counted  at 
the  time  of  observations  as,  according  to  investigations  described  in  this 
article,  they  are  of  the  greatest  importance  for  the  number  of  small  ions.  A 
direct  influence  of  ternperatiure  could  not  be  proved.  Owing  to  small  air-pressure 
changes  during  the  time  of  observations  (maxirauTi  14  mm.  Hg. ) ,  the  investigation 
of  its  influence  upon  the  number  of  ions  was  considered  unnecessary  And  was  not 
carried  out.  Interesting  correlations  with  the  degree  of  cloudiness  and  the 
tides  were  revealed.  The  increase  in  cloudiness  caused  an  increase  in  the  num¬ 
ber  of  ions;  this  effect  remained,  of  course,  to  be  examined  and  explained.  The 
average  number  of  small  ions  was  considerably  greater  at  high  tide  than  it  was 
at  low  tide,  a  fact  vliich  seems  to  indicate  a  local  formation  of  nuclei. 


The  relation 


of 


n 


rL  shored  a  distinct  correlation  with  the  number 
of  nuclei  as  well  as  with  the  relative  humidity.  This  relation  can  be  explained 
by  the  supposition  that  there  exists  a  different  capacity  for  accumulation  of 
positive  or  negative  small  ions  around  the  nuclei,  respectively  around  the 
small  water  drops  (formation  of  large  ions).  The  relation  h,|_  |  lb_  to  the 
height  of  the  waves  is  more  complicated  and' requires  further  investigation. 


The  correction  of  the  number  of  ions  resulting  from  re-calibration  of 
the  anemometer ’ does  not  meet  the  conclusions  drawn  by  Hess  concerning  the 
balance  of  ionization.  The  relation  between  the  number  of  ions  and  the  average 
life  of  small  ions  shows  a  difference  from  the  linear  correlation  for  high 
values  of  n;  this  can  be  completely  explained  by  the  deviation  from  the  linear 
law  of  recombination. — Author's  abstract  trazaslated  by  W.  Ayvazoglou. 
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6.  GEOTHamiAL  METHODS 

(28)  THE  STUDY  OF  EAETH  TEMPERATURES  IH  OIL  FIELDS  ON 

Ai^TICLINAL  STRUCTURE 

By  K.  C-  Heald 

American  Petroleum  Institute,  Bulletin  205,  October,  1930,  pp.  1-8 

The  purpose  of  the  v7ork  described  was,  in  general,  to  determine,  if 
possible,  the  conditions  rv'rsponsible  for  variations  in  the  rate  at  which  tem¬ 
perature  increases  with  depth,  and  for  the  changes  that  take  place  between  one 
locality  and  another.  More  specifically  it  was  proposed  to  determine,  in  so  far 
as  possible,  relations  between  earth  temperatures  and  the  occurrence  of  oil  and 
of  helium-bearing  gas  in  both  local  and  regional  geologic  structure.  It  was 
further  proposed  to  secure  data  on  the  relationships  between  earth  temperatures 
and  stratigiaphic  conditions,  water  .circulati ms ,  and,  in  short,  any  .geologic 
conditions  that  may  be  pertinent  in  connection  with  the  discovery  and  the  pro¬ 
duction  of  petroleum  and  riUtural  gas. 

The  work  has  been  centralized  in  areas  where  results  will  be  most 
significant  to  the  petroleum  industry.  Oklahoma,  Texas,  and  California  were 
chosen  for  study,  since  they  not  only  offer  favorable  conditions,  but  also 
they  are  the  areas  where  the  results  of  the  work  seem  best  calculated  to  be  of 
service  to  the  industry.  V/ork  has  been  in  progress  in  these  three  States  since 
the  spring  of  1927  and  the  results  obtained  are  briefly  mentioned  in  this 
article. 

Oklahoma.  Local  structure,  chemical  action,  radioactivity,  water 
circulation,  effects  of  unconformities  and  effect  of  strong  faulting  are  con¬ 
sidered.  Four  maps  are  given.  ,  .  , 

Texas .  Conditions  of  work,  general  accomplishment,  stratigraphic 
conditions,  relation  of  earth  temperature  to  structure,  regional  metamorphism, 
and  relation  of  rock  temperature  to  oil  fields  are  described. 

California.  Geologic  conditions,  plan  of  work,  results,  relation  of 
temperature  to  circulating  waters  are  examined.. 

Owing  to  the  assistance  given  to  the  work  described  in  this  article 
by  the  U.  S.  Geological  Survey  and  C*  E.  Van  Orstrand.  an  outstanding  American 
authority  on  earth  temperatures  and  methods  of  measuring  them,  Heald  considers 
the  results  obtained  to  be  highly  creditable. — W.  Ayvazoglou. 

(29)  DESCRIPTION  OF  APPARATUS  FOR  THE  MEASUREMENT  OF  TEMPERATURES  IN  DEEP 
mLS;  ALSO,  SOME  SUGGESTIONS  IN  REGARD  TO  THE  OPERATION  OF, THE  APPARATUS, 

AND  METHODS  OF  REDUCTION  AND  VERIFICATION  OF  THE  OBSERVATIONS. 

By  C.  E.  Van  Orstrand 

American  Petroleum  Institute,  Bulletin  205,  1930,  pp.  9-18. 

In  a  brief  introduction  to  the  article  Van  Orstrand  says  that  of  the 
various  methods  that  have  been  proposed  for  the  measurement  of  temperature  in 
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deep  wells,  two  only,  the  electrical  resistance  thermometer  method  and  the 
loercury  maximum  thermometer  method,  have  yielded  results  of  sufficient  iii^jort- 
ance  from  the  standpoint  of  efficiency  and  accuracy  to  justify  their  use  in 
making  an  extended  temperature  survey. 

These  two  methods  are  described  in  this  article. 

The  advantages  of  the  electrical  resistance  thermometer  method  over 
the  mercury  maximum  thermometer  method  are,  according  to  the  author,  so  great 
that  it  will  undoubtedly  come  into  general  use  as  soon  as  the  main  obstacles — 
the  initial  expense  of  the  necessary  equipment  and  the  difficulty  of  construct¬ 
ing  leads  that  will  remain  intact  after  being  immersed  in  a  mixture  of  crude 
oil  and  salt  water — are  overcome. 

The  results  of  the  tests  carried  out  by  this  method  are  shown  in  a 
depth- temperature  curve  of  deep  well,  E.  T.  Price  ITo.  9,  South  Penn  Oil  Co. 

From  this  figure  the  minute  details  of  the  temperature  distribution  are  evi¬ 
denced.  A  brief  description  of  the  apparatus  is  given. 

The  mercury  maximum  thermometer  method  has  the  disadvantage  of  being 
slow  and  tedious.  Its  chief  advantages  are  minimim  Initial  expense  and  the 
certainty  of  dhtaining  an  accuracy  of  rather  less  than  0.3^^  F. ,  regardless  of 
the  fluid  contents  of  the  well.  The  two  methods  of  handling  maximum  thermom¬ 
eters,  (1)  by  means  of  the  bailer  and  (2)  by  means  of  a  handoperated  machine, 
are  described.  Thermometer  holder  and  containers,  as  well  as  other  pieces  of 
auparatus,  and  several  views  of  hand-operated  machine  are  given  in  a  series 
of  pictures. 

The  second  part  of  the  article  deals  with  some  suggestions  in  regard 
to  the  operation  of  the  temperature  apparatus:  (a)  Tests  with  the  oil  well 
machinery,  and  (b)  tests  with  a  hand- operated  machine.  The  operation  is  ex¬ 
plained  and  the  elimination  of  the  chief  sources  of  error  in  handling  the 
thermometers  is  mentioned. 

The  last  chapter  of  the  article  deals  with  some  suggestions  in  regard 
to  the  correction  and  verification  of  the  observed  temperature  data.  The 
possibility  of  accurate  location  of  the  isogeothermal  surfaces  owing  to  the 
difficulty  of  obtaining  a  correct  answer  whether  the  well  is  in  temperature 
equilibrium  or  not  is  discussed. 

In  conclusion  the  author  makes  statements  in  regard  to  the  accuracy 
with  which  the  isogeothermal  surfaces  can  be  determined;  he  says  :  "Tliat  they 
are  smooth  uniform  surfaces  before  the  drill  penetrates  the  pay  sands  can  not 
be  denied.  The  real  problem,  therefore,  is  the  location  of  these  surfaces  in 
their  undisturbed  condition.  Barring  the  perturbations  produced  by  flowing 
fluids  previously  discussed,  there  remains  the  instrumental  errors  of  observa¬ 
tion.  " 

The  errors  in  depth  to  the  isothermal  surface  resulting  from  instru¬ 
mental  errors  are  estimated. — W.  Ayvazoglou. 
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•  •  (30)  lETERMINATlON  OF  GEOTHERMAL  GRALIEUTS  IN  OIL  FIELK  LOCATED 

ON  ANTICLINAL  STRUCTURES  IN  OKLAHOMA ' 

By  John  A.  McCutchin 

American  Petroleiim  Institute,  Bulletin  205, 

October,  1930,  pp.  19-61, 

This  report  contains  data  which  have  been  collected  in  the  various 
fields  and  the  conclusions  which  these  data  seem  to  warrant. 

^  .  .  I  .  .  t  . 

Curves  from  several  wells  jare  included  and,  where  practical,.,  ape 
chosen  from  wells  located  near-_  the  centers  of  the  fields  and  near '  tl^e ,  edges 
of  the  fields.  The  curves  have  been  selected  from- wells  which  are  considered 
to  be  in  temperature  equilibrium,  and  are  the  best  available  from  these  areas 
at  the  present  time.  It  has  not  been  deemed  necessary  to  include  curves  from - 
all  wells  tested;  since  many  pf  them  are  very  similar,  and  anyone  who  is  fur¬ 
ther  interested  m?,y  plot  the  remaining  curves  from  the  data  presente, d.  The^ 
computed  and  tabulated  data  from  89  wells  are  also  included. 

While  the  data  collected  to-date  on  this  problem  in  Oklahoma  ape  by  ... 
no  means  sufficiently  complete  to  permit  other  than  preliminary  conclusions  to  . 
be  drawn,  as  a  whole,  they  do  tend  to  support  the  general  premise  ..that., the 
anticlines  which  have  been  productive  of  oil. 'and  gas  have  higher  temp  era  t:ires 
at  given  depths  than  the  surrounding  areas. 

The  variations  within  the  individual  fields  are  usually  small,  but 
measurable  and  uniform.  The  variations  from  area  to  area  are  quite  large,  and 
seem  to  bear  a  relation  to  the  regional  dip  of  the  formations.  This  latter 
variation  is  so  marked  that  all  the  data  collected  to  date  suoport  it. 

Due  to  the  nature  of  the  work,  which  involves  the  location  and  test¬ 
ing  of  the  idle  wells,  most  of  the  data  have  been  collected  near  and  within  the, 
fields  proper,  and  very  few  tests  have  been  made  in  dry  holes  located  between 
the  fields.  This  gives  the  problem  a  one-sided  viewpoint,  since  it  is  irapossibl 
to  know  that  geothermal  anticlines  do- not  exis’t 'where  no  true  geological  anti¬ 
clines  are  to  be  found.  ■  ■  ■  ' 

An  interesting  possible  explanation  is  Sug.'‘;ested  by  examining  the 
available  data.  Tl.e  anticlines  which  have  been  the  most  productive  of  fluid, 
either  oil  or  water,  show. the  largest  and  most  uniform  variations  in  t.emper- 
atures  at  given  depths.  It  is  possible,’  then,  that  the  removal  of  large  quan-  , 
titles  of  water  and  oil  from  the  higher  points  in  the  structures  has  allowed 
the  warmer  fl'uid  from  the  greater  depths,  either  down  the  dips  of  the  forma¬ 
tions  or  within  the  formations,  to  rise  in  the  sands  and  occupy  the  pore  spaces 
of  the  cooler  rocks.  It  seems  possible,  then,  that  the  abnormally  h'i^  temper¬ 
atures  which  are  present  in  the  rocks  over  the  anticlines  now  may  be  due  to 
this  circulation.  It  is  to  be  noted  that  the  data  which  were  collected  in  the 
Oklahoma  City  field,  before  an  appreciable  amount  of  fluid  had  been  removed 
from  the  field,  failed  to  show  a  marked  variation  in  temperature  with  structure-. 

On  the  other  hand,  the  data  from  the  few  wells  located  in  the  non¬ 
productive  areas  indicate  that  these  wells  have  rather  markedly  lower 
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tempera ttires  at  given  depths  as  compared  TPi'th  the  temperatures  in  v^ells  located 
V7ithin  the  adjacent  fields.  In  most  instances',  the  data  from  the  first  1,0,00 
feet  of  the  hole  rould  have  indicated  an  atn'ormally  lor?  teimneratiire  tliroughout 
the  entire  well. 

•  t  .  *>  'I 

.  *  . 

Taken  as  a  whole,  the  results  obtained  in  Oklahoma  to  date  on  this 
project  are  neither  consistent  nor  inconsistent  enou.^  .to  war.rant  any  general 
conclusions  as  to  the  outcome  o*f  the  project.  The  results  do  indicate  that 
the  problem  is  not  a  simple  one,  and  that  if  will  probably  be'  solved  by'  the 
collection  of  additional  accurate  data  in  the  fields  and  dryhble  areas,  supple¬ 
mented  perhaps  by  some  careful  work  on  t.he  neat  conducting  properties  of  sedi¬ 
mentary  rocks  in  a  well-equipped  laboratory.  Pc-rticular  attention  should  be 
given  to  the  collection  of  data  from  fields  which  are  being  developed,  so  that 
more  infoiraation  will  be  available  from  areas  where  there  is  no  possibility 
that  the  operating  conditions  have  influenced  it. — Author's  abstract. 

(31)  RESULTS  OE- lEEP  WELL- TlhL^SPATURE  MEASURSi^ElMTS  IN  TEXAS 

"By  S.  M.  Hawtof^ 

American  Petroleum  Institute,  Bulletin  205, 

October,  1930,  pp.  62-108. 

This  paper  presents  a  summary  of  the  work  of  the  writer  carried  out 
between  the  dates  March,  1927,  to  Januar.y  1.  1929.  Earing  this  period  temper¬ 
ature  mea.sureraents  in  deep  wells  were  made  in  each  of  the  oil  yielding  prov¬ 
inces  of  Texas,  including  the  Gulf  Coast  salt  dome  province,  the  interior  salt 
dome  province  of  East  Texas,  the  Tril ing-Mexia-'^owell  fault  zone  province,  the 
Bend  Arch,  the  Panhandle,  the  Permian  Basin  of  West  Texas  and  Southwest  Texas. 

A  general  picture  of  the  geothermal  conditions  has  been  secured, 
which  should  not  only  Justify  certain  preliminary  concl'osions ,  but  should  also 
permit  effective  planning  and  conduct  of  further  and  more  detailed  work  in  se¬ 
lected  areas. 

Equipment .  The  apparatus  used  in  making  temperature  surveys  was 
modeled  after  that  described  by  "Van  Orstrand.  Photo.graphs  of  the  apparatus 
are  given. 


Stem  correction  for  maximum  thermometer.  All  tests  were  corrected 
using  the  stem  correction  given  hy  the  U.  S.  Bureau  of  Standards.  Tliis  cor¬ 
rection  may  amount  to  as  much  as  1°  F.  in  deep  tests,  although  it  is  commonly 
much  less. 

Difficulty  in  securing  suitable  wells  owing  to  their  usiially  un¬ 
settled  conditions  is  noticed. 

Geological  conditions  dealt  with.  The  wells  in  which  temperatures 
were  taken  ranged  in  depth  from  less  than  1,000  to  more  than  8,000  feet;  thus 
a  wide  range  of  different  structural  types  was  covered  by  the  work.  Some 
idea  of  the  regional  structural  conditions  is  given  in  a  map  of  Texas  showing 
by  structure  contours  the  writer's  interpretation  of  tho  structural  conditions. 
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the  location  of  wells  that  yielded  Jresults  of  particular  interest,  and  the 
number  of  feet  of  deoth  which,  in  each  of  the  wells  indicated,  resulted  in  an 
increase  in  temperature  of  1°  F. 

A  series  of  maps,  cross  sections,  and  depth- temperature  curves  illus¬ 
trate  the  article. 

Original  field  notes  and  temperature  tests  carried  out  diuring  this 
work,  showing  the  county,  field,  company,  well,  name  and  number,  are  given  in 
an  appendix. — W.  Ayvazoglou.  ,  \  '  • 

(32)  GSOTHERiUL  CONDITIONS  IN  OIL  PRODUCING  AREAS  OF  CALIFORNIA 

By  Anders  J.  Carlson 

American  Petroleum  Institute, 

Bulletin  205,  October,  1930,  pp.  109-139. 

Jhis  report  is  a  sxommary  of  the  work  concentrated  mainly  in  the  Santa 
Fe  Springs  and  Long  Beach  fields  of  the  Los  Angeles  Basin.  Therefore,  tlie  re¬ 
sults  are  particularly  significant  only  in  respect  to  relations  between  earth 
temperatures  and  local  anticlinal  structure  of  the  Santa  Fe  Springs  and  Long 
Beach  types. 

The  apnaratus  used  was  patterned  after  that  designed  by  Van  Orstrand 
with  some  changes  made  to  facilitate  operation  of  the  equipment.  A  depth  of 
5,000  feet  has  been  reached.  Under  favorable  conditions  a  4,000-foot  survey 
could  be  completed  in  one  day. 

The  reliability  of  measurements  with  this  type  of  apuaratus  was  demon¬ 
strated  by  the  re-survey  of  some  wells  after  a  lapse  of  several  months.  The 
comparative  average  temperatures  obtained  by  the  author  and  by  Van  Orstrand  for 
one  well  are  shown  in  a  table.  This  check  made  with  different  sets  of  thermom¬ 
eters  is  so  close  as  to  show  that  satisfactory  results  can'be  obtained  by  this 
method.  . 

All  tests  were  corrected  using  the  stem  correction  formulated  by  the 
U.  S.  Bureau  of  Standards.  '  ,  . 

Factors  affecting  measurements  are  discussed. 

In  the  attempt  to  determine  whether  or  not  a  relationship  exists  be¬ 
tween  earth  tefuperatures  and  geologic  structure,  the  author  has  compared  both 
isogeothermal  surfaces  and  the  distribution  of  reciprocal  gradients  to  geologic 
structure.  He  concluded  that  in  general  the  work  in  California  indicated  that 
the  isothermal  depth  was  a  more  reliable  medium  of  comparison  than  the  recipro¬ 
cal  gradient.  This  is  explained  by  the  fact  that  shallovr  temperatures  seem  to 
be  more  seriously  affected  by  artificial  conditions  than  do  deep  temperatures, 
and  this  would  tend  to  affect  the  gradient  of  a  well  to  a  greater  degree  than 
it  would  the  depth  of  the  100°  isotherm. 

Geological  conditions  under  which  the  measurements  were  made  and  the 
types  of  wells  used  are  described.  Temperature  determinations  in  33  wells  in 
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the  Santa  Fe  Springs  fields  were  irade.  The  depth- temperature  curves  for  these 
wells  are  shown  in  Figures  9  to  41.  A  table  showing  the  geothermal  data, is 
given. 

Geothermal  data  for  43  wells  in  Long  Beach  Oil  field  are  shown  in  a 

table. 


Conclusions  from  the  study  of  the  data  presented,  for  both  the  Santa 
Fe  Springs  and  Long  Beach  oil  fields,  are  drawn. — W.  Ayvazoglou. 

(33)  SULLA  PRE7ISI0UE  BELLA  TEilffERATURA  EELL'INTERNO  BELLE  MOUTAGEE 
(PREDICTION  OF  TEMPERATURE  INSIDE  OF  MOUNTAINS) 

By  Mario  Bossolasco 

Erganzungchefte  fuer  Angewandte  Geophysik, 
vol.  1,  No.  2,  1930,  pp.  149-155. 

After  a  few  remarks  on  the  practical  value  of  different  methods  for 
the  prediction  of  the  temperature  of  rocks  inside  of  mountains,  the  author  men¬ 
tions  the  importance  of  the  position  of  the  strata  for  the  solution  of  these 
problems  and  explains  by  this  the  high  maximum  temperature  which  was  established 
in  the  Simplon  Tunnel. 

He  shows  that  the  normal  course  of  the  geoisotherms  can  not  be 
affected  in  a  sensible  way  by  hot  springs.  This  is  in  contradiction  to  a  con¬ 
firmation  made  previously. — Author's  abstract  translated  by  W.  Ayvazoglou. 

7.  UNCLASSIFIED  METHODS 

(34)  MATHEvIATICS  AND  THE  PROBLEM  OF  ORE  LOCATION 

By  ViTarren  Ueaver  '  ,  • 

The  American  Mathematical  Monthly,  vol.  37,  No.  4,  1930,  pp.  165-181. 

The  author  divides  his  article  into  fo\ir  parts: 

A.  Introduction.  Some  branches  of  earth  physics  by  which  the  subsurface 
exploration  is  possible  are  considered. 

B.  '  The  methods  of  geophysical  exploration  for  ore  and  oil  (miagnetic 
method,  electrical  method,  electromagnetic  method,  gravitational  method,  and 
the  seismic  method)  are  briefly  discussed  and  illustrated  by  six  figures. 

The  mathematical  problems,  as  connected  with  the  geophysical  methods 
of  prospecting  are  examined.  Weaver  notes  the  difference  of  the  problems  of 
geophysics  from  many  classical  problems  which  he  characterizes  as  follows: 

First  of  all,  they  are  two  or  three-dimensional  problems;  second,  there  are 
always  three  important  regions  of  space  involved,  each  with  its  own  character¬ 
istic  electrical  properties — the  air,  the  normal  homogeneous  earth,  and  the 
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ore  masses;  third,  it  is  necessary  to  have  exact  knowledge  near  the  sources  of 
disturbance,  rather  than  fat  away,  as  in  the  classical  problem  of  radio  sig¬ 
nals;  fourth,  it  is  useful,  in  the  el  ee  crorragiietic  case,  to  obtain  solutions 
when  the  wave  length  is  comparable  with  the  dimensions  of  the  diffracting  ore 
mass,  rather  than  small,  as  in  the  classical  optical. case ;  fifth,  it  is  neces¬ 
sary,  in  general,  to  assign  finite  but  di!fferent  conductivities  to  the  various 
regions  under  consideration;  sixth,  many  regions  of  geometrical  shapes,  which 
’-ere  previously  of  only  academic  j  nterest, .  now  become .  of  great  practical  inter¬ 
est;  .-.and,  -  last,  it  is  essential  now  that  the  solutions  be  usable  from  :a  corapu- 
tative  uoint  of  view.  •  '  ’ 


D.  CorclUsions.  ■  Tl.e.  first  aupli cation 'of  divining  rods  to  the  location 
of  ore,  as  described  in  an  old  treatise,  p.f  mlnii;^.  written  by  .Georgius  Agricola 
and  published  in  1556  (translated  frem  thib  Latin  by  Herbert  Hoover),  is  men¬ 
tioned  and  the  complicated  equipment  of  the  gepphysicist  of  to-day  with  his 
dip  needle,  his  voltmeter,  radio  apparatus,  slide-role  and  his  textbook  on  par¬ 
tial  differential  equations  is  noted. — W.  Ayvazogl.pu.  • 

•  '  1,  ■ 

t  ■ 

(35)  GZCFHY3IC3  AHD'DSEP  ISILLING  SHAPE  DESTINY  OF  GULF  COAST 


■  ■■  By  Jack'Lo.gan 

,  The  Oil  Weekly,  vol.  59,'  llo.  3,  1930,  pp,.  63-6S. 

The  results  of  geophysical  exjjloration  and  deeper  drilling  in  the 
Gulf  Coast  field  are  summed  up.  According  to  infox-nation  given,  by  Logan,  in¬ 
stead  of  approximately  40  dome  S'' and  fields  as''"  in.  19<23 ,  the  Gulf  Coast  now  has’ 
more  than  twice  that  number.  The  potentialities  pf  the  coastal  area  have 
besides  not  merely  been  doubled  by-"the  100  per  cent  increase  in  the  n'umber  of 
domes  and  fields,  but  they  have  been  multiplied  perhaps  severa.1  times  by 
accessibility  in  both  old  and  new  fields  of  deep  sands  which  formerly  could 
not  be  reached  with  the  drill.  ,• 

The  immense  increase  in  potentialities  of  the  Gulf  Coast  as  a  source 
of  oil  is  due  to  two  principal  factors':  Deep  drilling  and  geophysical  explor¬ 
ation,  .  ,  _  ,  ,  .  . 

In  this  article  the  author  discusses  in  more . detail  geophysical  ex¬ 
ploration  as  a  factor  by  which  the'  potentialities  of  the  salt-dome  oil  coun¬ 
try  have  been  greatly  widened.  ,  ,  . 

Tables  listing  all  old  domes  and  geophysically  discovered  fields 
and  prospects  and  a  special  map  showing  those,  numerous  areas  are  given.  The 
tables  and  the  map  reveal  the  brilliant  record  achieved  by  geophysics  and 
the  geophysicists. — 'W. Ayvazoglou.  ;  . 
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(36)  RECHERCHES  SURTEES  PeRTURMTIOUS  'ELECTRaiAGNSTIQUES, 

SISMiqUES  ET  SOLAIRES 

( INVEST IGATI QMS  ON  ELECTROMAGNETIC,  SEISMIC  AND  SOLAR  DISTURBANCES) 

By  Allert  Nodon 

Comptes  Rendus  de  1 'Academic  des  Sciences,  Paris, 
vol.  188,  No.  10,  1929,  pp.  725-72,6. 

Investigations  were  made  during  alr.ost  two  .vedrs  by  Boustos  Navarette, 
Director  of  the  Observatory  del 'Salto  in  Santiago  (Chile).  Nodon 's  magneto¬ 
graph  was  used.  "  '  , 

Graphs  obtained  from  observations  made  by  magnetograph,  seismograph, 
and  galvanometer,  as  well  as  those  made  on  the  variations  of  sun  spots  proved 
the  existence  of  a  close  relation  between  all  of  them. 

I  , 

From  the  results  of  these  observations  the  important  conclusion  can 
be  drawn  that  earthquakes  can  be  predicted  from  the  indications  of  the  magneto¬ 
graph  several  hours  in  advance. — W.  Ayvazoglou. 

(37)  A  BRIEF  REVIEW  OF  ARTICLES  APPEARING  IN  VOL.  2.  NOS.  1,  2,  AND  3 
OF  THE  "BOLETIN  DE  IJ.  ACOCIAXION  GEOFICICA  IS  MEXICO" 

Boletin  de  la  Asociacion  Geofisica  de  Mexico, 
vol.  2,  Nos.  1,  2  and  3,  1930,  pp.  1-78. 

1.  The  physical  principles  of  the  gravitational  method  of  prospect¬ 
ing,  by  B.  P.  Nikiforov.  Continuation, of  the  translation  into  English,  pp. 
15-22;  into  Spanish,  pp.  39-45  and  61-66.  Both  parts  translated  by  Prof.  J. 
Korzujin. 


2.  Mathematical  principles  for  topographic  correction  in  gravi¬ 
metrical  work.  By  V.  A.  Olhovich.  The  article  is  to  be  continued. 

3.  Review  of  Geophysical  Prospecting  for  Petroleum,  1929.  This  is 
Donald  C-  Barton's  article  published  in  the  Bulletin  of  the  American  Associa¬ 
tion  of  Petroleum  Geologists,  vol.  14,  No.  9,  1930,  pp.  1105-1129  (see  Geophys. 
Abs.  No.  18),  translated  into  Spanish  by  Manuel  Alvarez. 

4.  ’  GeophT/’sical  Methods  of  Prospecting,  by  Georges  A.  Boutry.  Con¬ 
tinuation  of  the  French  article  translated  into  Spanish  by  L.  Uj-gaijo,  Eng. 

(see  Geophys.  Abs.  No.  8). — W.  Ayvazoglou. 
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(38)  SCHALLGESCffi'7IwmG-KEIT  WD  TElff’ERATUR  IN  lER  STRATOSPH.ARE 

(VELOCITY  OF  SOUND  AND  THE  TEMPERA.TURE  IN  THE  STRATOSPHERE) 

By  B.  Gutenberg  •  ■ 

Gerlands  Beitrage  zur  Geophysik, 
vol.  27,  No.  2 1  1930,  pp.  217-225. 

The  registrations  of  air  waves  confirm  consequences  drawn  previous- 
Iv  from  ear  observations.  The  results  gained  from  the  graphs  show  that  the 
height  in  which  velocity  of  sound  and  temperature  begin  to  increase  is  not 
the  same  in  all  cases.  Sometimes,  esuecially  in  winter  and  in  spring,  it 
is  as  low  as  20  kilometers.  A  simple  method  of  calculation  to  find  the 
sound  velocity  in  the  stratosuhere  is  given. — Author's  abstract. 

8.  GEOLOGY  ^ 

'  (39)  DIE  RAND^TERTAUFGABE  DSR  GEODASIE 

(THE  BOUNDARY- VALUE  PROBLEM  OF  GEODESY)  -  • 

By  F.  Hopfner 

Gerlands  Beitrage  zur  Geophysik,  vol.  27,  No,  3-4,  1930,  po.  312-325. 

The  problem  of  determining  the  level -extending  into  the  sea-level 
(as  it  is  known  below  continents  it  extends  -inside  of  the  earth  crust)  by 
observed  and  properly  reduced  values  of  gravity  comes  un.der  boundary-value 
problems  of  the  second  kind  among  which  it  holds  the  place  between -^the  exterior 
and  interior  space  problems.  In  this  article  the  author  gives  the  solutio-n  of 
this  problem  with  the  aid  of  special  functions  of  Green.  The  boundary- value 
problem  of  the  first  kind  is  solved  also. — Author's  abstract. 


9.  NE,W  BOOKS 

(40)  Krahmann,  Rudolf.  '■  Die  Anwendbarkeit  der  geophysikalischen  Lagers tatten- 

untersuchungsverfahren, ,  insbesondere  der  clektrischen  und  magnetischen 
Methoden  (The  Aoplicability  of  geophysical  methods  for  prosuecting 
deposits,  esneciallv  of  the  electrical  and  magnetic  methods).  With 
37  figures.  Price,  .  RiJyl.'.P. 50 .  This  is  the  3d  volume  of  the 
"Abhandl ungen  zur  praktischen  Geologic  und  Bergwirtschaf tslehre" 
issued  by  Prof.  Dr.  Georg  Berg  (Berlin,  'Geologische  Landesanstalt) . 

(41)  Stoner,  Edmund  C.  Magnetism.  S-  P.  Dutton  and  Co.,  New  York,  1929.  pp. 

Vii,  117,  20  figs.,  price,  $1.10.  The  topics  treated  are:  Tne  mag¬ 
netic  properties  of  atoms;  diamagnetism  as  a  general  property  of  all 
matter;  paramagnetism;  ferromagnetis n;  the  magnetic  properties  of 
the  elements  and  the  change  of  electrical  conductivity  in  strong 
magnetic  field. 
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mrORMATIOlI  CIRCULAR 
DEPARTIOJT  OF  COIiimCE  -  BURE^IU  OF  MIKES 


•  .  •  MIKIKd  LAWS  OF  THE  DOMIKICAK  REPUSLIC  1/ 

By  I .  AitLens  ^ 

PREFATORY  KOTE 

This  paper  is  one  of  a  series  of  digests  of  foreign  raining  legislation 
and  court  decisions  prepared  in  advance  of  a  general  report  relative  to  the 
rights  of  iimerican  citizens  to  explore  for  minerals  and  to  own  and  operate 
mines  in  various  foreign  countries.  This  interpretation  of  the  laws  of  the 
Dominican  Republic  was  prepared  from  the  best  available  information  in  Wash¬ 
ington,  procured  from  the  files  of  the  B\ireau  of  Foreign  and  Domestic  Com¬ 
merce  and  of  the  Department  of  State,  and  has  been  checked  against  the 
answers  made  by  the  American  Minister,  C.  B.  Curtis,  to  a  questionnaire  of 
the  Bureau  of  Mines  transmitted  through  the  courtesy  of  the  State  Department. 
The  assistance  of  the  Commercial  Laws  Division  of  the  Bureau  of  Foreign  and 
Domestic  Commerce  in  assembling  material  is  gratefully  acknowledged. 

INTRODUCTION 


The  Mining  Law  of  1910,  with  amendments  of  1914  and  1928,  is  at  present 
in  force  in  the  Dominican  Republic.  The  first  and  basic  mining  law  of  the 
Republic  was  passed  in  1876,  and  althou^  numerous  changes  and  amendments 
have  been  made  from  time  to  time,  the  new  laws  and  amendments  thereto  have 
not  changed  the  original  or  basic  law  materially.  However,  these  enactments 
have  materially  changed  the  legal  methods  governing  the  e:p)loitation  of  the 
mineral  resources  of  this  couatry  and  have  added  new  regulations  and  require¬ 
ments  to  those  concerning  certain  specific  minerals,  etc.  The  original  or 
basic  law  still  exists  as  it  was  first  promulgated  to  protect  the  ri^ts  of 
the  Dominican  Republic  itself,  the  rights  of  the  landowner,  and  the  ri^ts  of 
prospectors  in  general. 

The  Mining  La.w  of  1876  remained  in  force,  without  amendment,  until  it 
was  superseded  by  the  law  of  May  25,  1904,  an  enactment  modeled  after  the 
Mexican  mining  law  and  designed  especially  to  encourage  the  investment  of 


ly  The  Bureau  of  Mines  will  welcome  the  reprinting  of  this  paper,  provided 
the  following  footnote  ackrawlecl^ent  is  used:  "Reprinted  from  the 
U.  S.  Bureau  of. Mines  Information  Circular  6444." 

2/  Rare  metals  and  nonmetals  division,  U.  S.  Bureau  of  Mines. 
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foreign  capital  in  Dominican  mines.  The  law  of  1910  repealed  previous  min¬ 
ing  legislation  hut  was  itself  set  aside  temporarily  hy  Executive  Order  No. 
471,  effective  May  7,  1920.  On  June  3,  1925,  however,  the  law  of  1910, 
together  with  the  amenchnents  made  thereto  in  1914,  was  reenacted  with  cer¬ 
tain  additional  minor  modifications.  This  change  was  known  as  Executive 
Order  No.  155.  Further  minor  changes  and  amendments  were  made  on  May  1, 
1928  (No.  915). 


RIOHTS  OF  FOPEIONSHS. 

Any  person,  native  or  foreign,  may  register  a  .claim  and  ohta.in  from  the 
G-overnment  the  authorization  to  exploit  one  or  more  mines  (Art.  8,  Law  of  1910). 

OUNSESHIP  OF  MINFdlAT.S  . 


8-enerally  speaking,  mineral  deposits  belong  to  the  State.  The  owner  of 
the  la,nd  has  certain  specified  rights  and  privileges  hut  his  o^mership  is  in 
the  surface  soil  alone.  He  is,  however,  entitled  to  2  per  cent  of  the  net 
produce  of  mines  that  mo-Y  he  exploited  on  his  property  (Art.  38,  Law  of  1910). 

No  one,  net  even  the  owner  of  the  soil,  has  the  right  to  open  up  or  de¬ 
velop  mines  until  a  mining  authorization  or  concession  has  been  obtained  from 
the  Executive  Power.  However,  placer  mining  for  gold  in  the  sands  of  the  rivers 
and  streams,  without  excavation,  is  not  to  he  considered  a  mining  e:cploitation. 
Such  placer  mining  may  he  continued  hy  the  surface  o’wier  as  long  as  the  right 
to  exploit  these  sands,  etc.,  is  not  conceded  to  another,  and,  in  fa,ct,  until 
another  person  actually  exercises  an  acquired  right  hy  making  necessary  in¬ 
stallations  (Art.  1,  Law  of  1910). 

The  mineral  substances  for  which  a  mining  concession  is  necessary’’,  are 
the  following:^/ 

(1)  Gold,  platinum,  radium,  silver,  mercury,  iron,  lead,  copper, 
zinc,  tin,  antimony’’,  nickel,  cobalt,  manganese,  bismuth,  arsenic, 
cadmium,  chromite,  beryl,  molj^bdenum,  selenium,  tellurium,  titanium, 
tungsten,  uranium,  vanadium,  and.  zirconium  (whether  these  substances 
are  found  native  or  in  ore) . 

(2)  Precious  stones,  rock  salt,  fossil  resins,  sulphur,  asplialt, 
petroleum,  oils,  and  coal. 

Those  substances  for  which  a  mining  concession  is  not  necessary,  are 
the  following; 

(1)  Mineral  waters,  building  stone,  clay  of  all  classes,  and  sands 
that  do  not  contain  minerals  for  which  a  mining  concession  is  necessary. 

(2)  In  general,  all  other  substances  no,t . specified  as  those  for 
which  a  raining  concession  is  needed. 


^  Article  2  of  Mining  Law  of  1910,  changed  in  accordance  with  amendments  of 
March  25,  1925. 
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Any  mineral  deposit  found  in  the  surface  soil  upon  land  belonging  to  the 
Government  may  be  exploited  by  an^”"  person  vrho  shall  arrange  with  the  Adminis¬ 
trative  Officer  in  charge  of  the  Department  of  Public  \7orh;s.  It  is  the  duty 
of  that  officer  properly  to  protect  the  rights  of  the  Government  just  as  would 
be  done  if  the  deposit  were  the  property  of  private  parties  or  individuals. 

The  Administrative  Officer  may  dispose  of  such  Government  lands,  for  the  pur¬ 
pose  of  exploiting  such  minerals,  under  terms  the  same  as,  or  similar  to,  those 
governing  the  disposal  of  land  for  agricultural  or  other  purposes. 

According  to  the  Civil  Code,  mines  are  real  property;  consequently  a  title 
to  the  concession  rights  shall  be  in  writing.  This  ifiriting  or  paper  must  be 
stamped  by  the  President  of  the  Depublic,  countersigned  by  the  Secretary  of 
Public  Works,  and  registered,  by  the  proper  enrolling  officer  of  the  Civil 
Government.  Finally  it  shall  be  entered  on  the  proper  Government  docket,  for 
which  service  a  fee  of  $1  is  legally  demanded. 


PP.OSPECTIITG  naC-UL/JIONS  ^ 

Before  prospecting  on  private  lands,  written  authorization  must  be  soiiglit 
from  the  owner  or  from  his  legal  representative.  A  petition  to  the  Adminis¬ 
trator  of  the  Treasury  is  necessary  in  order  to  make  investigations  on  State 
lands  which  are  not  already  legally  occupied  by  individuals.  If  the  Adminis¬ 
trator  of  the  Treasury  believes  that  such  explorations  or  investigations  might 
result  in  prejudices  to  the  land,  he  maj’-  require  a  deposit  of  guaranty  in  ac¬ 
cordance  with  Article  9  of  the  Mining  Law,  which  says  in  substance:- 

In  order  to  investigate  mines  in  lands  of  another,  it  is  necessary, 
after  having  obtained  the  permission  of  the  owner,  to  obtain  a  special 
permit  issued  by  the  governor  of  the  Province  in  which  the  mine  is  situ¬ 
ated,  which  shall  indicate  the  boundaries  ^^ithin  which  the  investigation 
may  be  made.  This  permit  may  not  cover  a  surface  of  more  than  50  hectares. 

If  the  owner  of  the  land  refuses  permission  for  such  investigations, 
the  prospector  shall  apply  to  the  governor  of  the  Province,  who  shall  de¬ 
termine  the  guaranty  that  the  prospector  must  d.eposit  to  cover  all  damages 
and  prejudices  that  might  result  to  the  property.  This  guaranty  must  be 
determined  by  a  judgment  of  experts  previously  named  bj'’  the  interested 
parties . 

These  permits  shall  be  copied  in  a  special  book  kept  by  the  Secretary 
of  the  Provincial  Government,  who  shall  charge  for  the  copy  of  the  permit 
a  fee  of  $2  in  gold. 

No  permit  shall  be  given  for  exploration  in  private  buildings  and 
their  sm'roundings  nor  in  places  where  major  crops  have  been  planted. 

Six  months  is  the  usual  terra  for  exploration,  counted  from  the  date  upon 
which  the  governor  grants  permission.  This  period  may  be  extended  for  one 
equal  terra  but  only  when  the  petitioner  can  prove  that  during  the  first  term 
he  perfomod  investigations  of  ccnsidera.ble  extent,  and  provided  that  he  pre¬ 
sents  his  petition  for  extension  before  the  termination  of  the  first  period. 

^  Mining  Regulations  of  July  27,  1910,  promulgated  by  Ramon  Caceres,  President 
of  the  Republic. 
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During  this  period  of  exploration,  the  explorer  alone  shall  have  the 
ri^t  to  present  claims  for  mines  within  the  explored  zone. 

MINIITG  COHCESSIOITS 

Anz’’  person,  native  or  foreign,  has  the  right  to  denounce  a  claim,  or  so¬ 
licit  a  mining  concession  from  the  Government.  Such  concessions  which  are 
granted  by  a  resolution  of  the  Executive  Power  and  published  in  the  official 
organ  (Gaceta  Official) ,  convey  the  rij^t  to  exploit  only  the  mineral  or  min¬ 
erals  that  were  applied  for  (Art.  8,  Law  of  1910). 

Petitions  for  one  or  more  mining  concessions  shall  be  made  in  writing,  in 
a  paper  suitably  stamped  and  addressed  to  the  Governor  of  the  Province  in  which 
the  mines  are  situated.  Su.ch  petition  shall  state  that  a  mine  has  been  dis¬ 
covered  on  the  desired  property,  describing  concisely  the  exact  location  and 
class  of  mineral,  its  extent,  and  methods  by  which  its  extent  has  been  de¬ 
termined  (Art.  10). 

This  petition  must  be  accompanied  by  a  plot  of  the  land  showing  the  approx¬ 
imate  area  of  the  solicited  concession,  streams,  and  other  topographical  features 
included  in  the  boundaries,  the  name  of  the  site,  the  section,  province,  and, 
in  short,  all  the  data  that  an  accurate  description  of  the  land  requires  (Art.  10] 

The  petitioner  shall  also  furnish  specimens  in  duplicate  of  all  minerals 
found;  and  after  exploitation  has  been  begun,  in  the  event  that  the  mineral  is 
found  to  be  of  a  different  nature  from  that  described  in  the  original  applica¬ 
tion,  the  petitioner  shall  immediately  malce  a  declaration  to  that  effect  to  the 
Executive  Power  (Art.  lO) . 

The  Governor  registers  the  petition  in  a  book  kept  for  this  purpose,  in 
which  notations  are  made  of  the  surname  of  the  petitioner  and  the  day  and  hour 
of  the  presentation  of  the  petition.  Pending  action  the  petitioner  shall  be 
given  a  certificate  (Art.  11).  Then,  within  seven  days  of  such  presentation, the 
Governor  shall  post  up  in  customary  places,  notices  of  such  petition  with  all 
information  regarding  intended  exploitations.  This  notice  shall  also  be  in¬ 
serted  for  the  period  of  30  days  in  daily  and  weekly  newspapers  of  the  province 
(or  nearest  province)  in  which  the  e:ploitation  area  is  located  (Art.  12). 

Thirty  days  after  the  publication  of  the  notices,  provided  all  formalities 
have  been  complied  with  and  no  opposition  has  been  offered,  the  Governor  shall 
make  a  file  of  the  case  with  the  application  and  other  documents,  and  ^ithin 
seven  days  following  the  last  notice  sliall  send  the  file  to  the  Secretary  of 
Public  Works  (Art.  12). 

A  duplicate  of  the  whole  mining  survey  shall  be  placed  by  the  petitioner 
with  the  Department  of  Public  Works  within  the  SO  days  following  the  beginning 
of  operations.  Failure  to  comply  with  this  requirement  is  punishable  with  a 
fine  of  $25  in  gold,  plus  an  additional  dollar  in  gold  for  each  day  of  default 
after  the  SO-day  period  (Art.  21). 
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Mines  must  "be  exploited  in  a  rational  manner  in  accordance  with  the  prac¬ 
tice  of  good  mining  and  in  such  manner  as  not  to  cause  harm  to  third  parties. 

In  the  case  of  water,  the  quantity  used  must  he  so  regulated  that  no  injury 
he  done  to  other  users,  and  unusual  care  must  he  taken  in  order  to  avoid  poison¬ 
ing  such  waters  even  when  these  are  not  used  for  drinking  purposes  (Art.  23). 

The  use  of  navigable  rivers,  and  other  means  of  transportation  necessary 
for  e:q)loitation,  is  granted  such  operators  in  accordance  with  regulations  gov¬ 
erning  public  utilities.  However,  the  proprietors  are  under  obligation  to  con¬ 
struct  wagon  roads,  railroads,  and  other  means  of  transportation  if  such  addi¬ 
tional  facilities  are  necessary  for  the  successful  conduct  of  their  enter¬ 
prise  (Art,  24). 

A  right  to  construct  telephone  lines  from  mines  to  city  offices  is  granted, 
hut  when  such  lines  have  been  established,  a  report  of  their  establisliment  must 
be  made  to  the  office  of  the  Secretary  of  Public  Works,  and  the  G-overnor  shall 
have  use  of  these  lines  gratia tou sis'"  (Art.  25). 

-  •  •  HEGULATIONS  GOVMING  SURVEY  STAKES,  ETC . 

The  survey  stakes  that  indicate  a  mining  concession  shall  conform  to  the 
following  conditions:  §J 

(A),-r-They  must  be  solid  and  constructed  of  cement,  bricks,  or  wood 
of  good  quality,  and  shall  be  of  a  color  and  forn  distinct  from  nei^bor- 
ing  landmarks. 

(S) . — They  shall  have  markers  engraved  on  copper  plates  with  the  name 
of  the  proprietor,  the  name  that  has  been  given  to  the  mine,  and  a  serial 
lumber  separate  and  distinct  for  each  mine. 

Each  proprietor  shall  have  them  registered  with  the  Secretary  of  the 
Department  of  Public  Works,  who  shall  verify  them  to  prove  that  there  is 
no  confusion  with  those  already  in  existence,  and  who  shall  issue  a  suit¬ 
able  permit  in  consideration  of  a  fixed  fee  of  $5  in  gold,  plus  the  cost 
of  the  stamped  paper  on  which  it  is  executed. 

They  shall  be  kept  in  perfect  condition  by  the  concessionnaire  dur¬ 
ing  the  existence  of  the  concession. 

(C). — These  markers  shall  be  located  in  such  manner  and  with  such 
numbers  that  it  is  clear  from  each  one  just  what  precedes  and  just  what 
follows  it. 

All  these  requirements  are  deemed  necessary  in  order  that  the  proper 
raining  survey  may  be  filed  in  accordance  with  Article  14  of  the  Mining  Regula¬ 
tions  of  July  27,  1910.  These  regulations  require  that  all  survey  plans  shall 
be  drawn  clearly  and  correctly,  on  strong  paper  or  cloth,,  and  their  scale  shall 


^  Art.  20  of  Mining  Law  of  1910,  as  amended  on  March  25,  1925. 
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always  "be  in  decimals  of  the  metric  system.  Such  plans  shall  contain  in  aau 
tion,  the  length  of  the  sides  in  meters,  the  direction  with  reference  to  true 
meridian,  the  declination  of  the  compass  needle  used,  with  the  date  upon  which 
it  was  deteamiined,  and  the  area  in  hectares.  Such  plans  shall  he  made  hy  a 
competent  surveyor,  showing  a  complete  topographical  position  of  the  conces¬ 
sion  area,  with  indications  of  rivers,  and  streams,  and  the  exact  points  at 
which  minerals  were  discovered. 

ADVERSE  CLA.II/IilITTS 

When  in  the  judgment  of  the  Governor  a  mining  claim  is  concerned  vdth  zones 
already  conceded,  notice  to  that  effect  shall  he  given  to  the  new  claimant.  If 
the  claimant  insists,  the  application  must  he  registered  vdth  suitable  reserva¬ 
tion  noted  thereon.  Such  reservations  must  also  he  entered  on  the  receipt  given 
to  him.^ 

The  concurring  and  opposing  petitions  sha,ll  he  presented  to  the  Governor 
and  may  he  registered  up  to  the  last  day  of  the  30-day  period,  which  period  is 
counted  from  date  of  first  notice  as  provided  hy  law.  The  law  requires  that 
these  petitions  and  oppositions  shall  he  registered  in  the  hook  and  that  the 
interested  parties  shall  he  notified  of  all  such  oppositions  (Art.  16).  Such 
register  siiall  he  open  to  all  persons  desiring  to  see  it,  and  whenever  a  peti¬ 
tion  is  in  controversy  the  Governor  shall  direct  or  advise  the  parties  that 
recourse  may  he  had  before  the  common  counts  of  justice,  where  the  rights  of 
all  parties  may  he  reviewed  (Art.  17). 

PROOE  OE  DISCOVERY 

Law  Eo.  915,  (May  1,  1928)  amends  the  Mining  Regulations  prescribed  hy 
the  Executive  Power  on  July  27,  1910,  as  follows 

Art.  26 — Every  applicant  for  a  mining  concession  must  present  all 
facts  that  have  led  him  to  believe  in  the  existence  of  the  mine,  which 
facts  shall  he  examined  "by  a  commission  of  experts  appointed  hy  the  De¬ 
partment  of  State  for  Public  Works  and  Communications,  -  which  commis¬ 
sion  must  he  convinced  of  the  existence  of  the  mine  under  consideration 
before  granting  a  concession  therefor. 

Par.  1, — Prom  the  decision  of  these  e:;q)erts,  appeal  may  he  .made  to 
the  Executive  Power  for  a  determination  of  the  case. 

Pa-r.  2. — The  expenses  occasioned  hy  the  work  of  the  e:q)erts  shall 
he  home  hy  the  interested  parties. 

ORLIGi^.TIOEG  OE  PRaPRIETORS  OE  THE  MI2SS 

Ea.ilure  to  begin  mining  operations  within  one  year  from  the  publica¬ 
tion  of  a  concession  results  in  absolute  forfeiture.  Only  in  cases  of  unusual 
contingencies  may  an  extension  he  granted  hy  the  Executive  Power  and  such  exten- 


6j  Changed  in  accordance  with  Art,  12  of  Regulations  of  July  27,  1910. 
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sion  shall  he  for  one  tine  onlv  (Art.  37).  Hovrever,  where  a  railway  is  nec¬ 
essary  for  transportation  of  machinery,  etc.,  a  period  of  three  years  is  grant¬ 
ed  within  which  to  begin  e::q)loitation. 

A  deposit  of  $500  for  a  concession  shall  he  exacted  from  each  conces- 
sionnaire  hy  the  Secretary  of  Public  Works,  which  srun  shall  he  paid  within 
the  three-month  period  following  the  date  of  the  concession  application  (Art. 
36).  This  sun  shall  he  paid  to  the  Department  of  the  Treasury. 

For  the  following  three  reasons  this  sun  may  he  returned: - 

1.  If  underground  inspections  prove  the  impracticahilitj’’  of  ex¬ 
ploitations  because  of  poverty  of  the  mine. 

2.  If  the  mine  is  a  vein  mine;  as  soon  as  notice  of  the  arrival 
of  machinery  to  the  value  of  $1,000  or  more,  is  received  hy 
the  custom  inspector. 

3.  If  the  exploitation  of  metalliferous  sands  is  to  he  done  hy 
hydraulic  methods;  as  soon  as  100  meters  of  canal  or  conduct¬ 
ing  pipes  has  been  completed. 

Each  proprietor  shall  2  per  cent  of  the  gross  product  of  the  mines 
to  the  public  treasury;  and  in  the  case  of  mines  situated  on  land  owned  hy 
others  (Art.  35),  apparently  an  additional  2  per  cent  of  the  net  output  of 
the  mines  shall  he  given  to  the  surface  owners  in  return  for  the  privilege 
of  exploitation  of  their  property  (Art.  38). 

PROHIBITIONS 

Mining  operations  shall  not  he  made  at  a  distance  of  less  than  50  meters 
from  buildings,  roads,  railways,  bridges,  ditches,  canals,  watering  places, 
and  fountains,  nor  at  a  distance  of  less  than  1,500  meters  from  fortifications. 
The  regulations  further  require  a  distance  of  500  meters  or  more  from  places 
designed  as  a  deposit  for  inflammable  materials,  unless  special  permission 
has  been  obtained  from  the  Secretary  of  State  for  Public  Works,  where  build¬ 
ings,  etc.,  are  on  national  propert^^,  and  from  the  owners  or  their  legal  repre¬ 
sentatives  when  on  private  property. 


E/i.SE:iBl^S 


Mining  properties  shall  enjoy  legal  easements  of  ri^t  of  we.y,  aqueduct, 
drainage,  ventilation,  etc,,  but  surface  owners  and  also  the  owners  of  ad¬ 
joining  mining  property  are  entitled  to  receive  payment  for  any  actual  damage 
suffered.  In  the  case  of  dxainage  or  ventilation  openings  that  benefit  other 
operators,  these  other  operators  are  liable  to  share  the  expense  in  propor¬ 
tion  to  the  benefits  they  may  receive  therefrom  (Art.  33). 

The  law  requires  that  a  concessionnaire  shall  indemnify  the  proprietor  or 
proprietors  for  occupation  of  the  land  used,  and  for  damages  and  prejudices 
occasioned  in  this  connection.  The  amount  of  indemnity  or  damages  to  be  made 
upon  the  estimates  of  experts  and  the  amount  for  uncultivated  land  shall  be 
a  sum  equal  to  double  the  value  that  it  had  before  opening  of  such  mining 
operations  (Art.  29). 


8972 


-  7  - 


1 


?•} 


t 


^  ...  V  . 

.  *  *  .  t 

a  ' 


i. 


> 


I.  C.  6444 

Appraisement  of  damages  shall  be  made  by  the  parties  interested,  and 
when  no  agreement  can  be  made,  they  shall  settle  their  differences  in  the 
manner  prescribed  by  law  (Art.  30). 

mPLOYMSm  OF  LABOR 

The  law  reqvdres  that  Dominican  labor  shall  be  used  in  preference  to 
that  of  other  nationalities.  In  case  of  a  scarcity  of  such  laborers,  the 
concessionnaire  is  prohibited  from  importing  laborers  of  the  negro  race 
(Art .  26) . 


TRAMSmS 

A  mining  concession  granted  by  the  Executive  Power  gives  perpetual 
ownership  in  the  mine  and  is  transferable  like  other  property  by  gift, 
sale,  or  inherite^nce.  However,  no  such  transfer  (Art.  3)  except  one  re¬ 
sulting  from  succession,  shall  be  valid  without  previous  notice  having 
been  given  to  the  Executive  Official  (Art.  5).  Under  no  circumstances 
shall  a  transfer  be  made  to  foreign  governments  or  states;  nor  shall  such 
foreign  government  or  states  be  accepted  as  partners.  Any  agreement  with 
the  afore-mentioned  in  addition  to  causing  a  forfeiture  of  the  concession, 
is  null  and  without  any  force  whatsoever,  regardless  of  any  stipulations 
or  provisions  that  may  have  been  agreed  upon  (Art.  5). 

EOHESITURE  AHD 

Immediately  upon  the  abandonment  of  a  mine,  the  owner  of  the  land  is 
entitled  to  enter  into  possession.  Regardless  of  the  reason  for  this  dis¬ 
continuation  of  exploitation,  whether  because  of  completion  of  work  or  be¬ 
cause  of  relinquishment,  the  owner  may  enter  into  immediate  possession 
without  the  obligation  of  returning  anj'’  moneys  or  fees  that  he  may  have 
received  therefor  (Art.  31). 

However,  when  a  concession, ^s  declared  forfeited,  the  Secretary  of 
Public  Works  places  a  marginal  note  to  that  effect  upon  the  book  in  which 
such  concession  was  previously  registered,  and  the  forfeiture  shall  be  re¬ 
ported  to  the  recorder  in  whose  office  the  title  was  registered.  A  like 
notice  shall  be  given  to  the  Governor  of  the  Province  in  which  jurisdic¬ 
tion  the  mine  is  located. 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


RESISTIVITY  MEASUREMENTS  UPON  ARTIFICIAL  BEDS ^ 

BY  J.  H.  Swartz  2 
INTRODUCTION 

During  a  series  of  resistivity  measurements  carried  out  in  1929  and  1930  a  number 
of  questions  arose  concerning  the  effect  of  topography  on  the  character  of  the  curves  and  the 
depths  attained,  the  ratio  of  true  depth  to  certain  radii  interpreted  as  representing  depth, 
etc.  To  answer  these  questions  it  was  decided  to  undertake  a  series  of  experimental  investi¬ 
gations  on  artificial  strata.  It  is  the  purpose  of  the  present  paper  to  present  the  results 
of  the  studies  thus  undertaken. 
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METHOD  OF  INVESTIGATION 

A  series  of  artificial  beds  was  built  up  under  conditions  as  nearly  like  those  ob¬ 
taining  in  actual  field  work  as  possible.  In  order  to  simulate  such  conditions  accurately  it 
was  decided  to  place  the  beds  in  a  large  hole  dug  in  the  ground,  thus  doing  away  as  far  as 
possible  with  distortions  of  the  electric  field  due  to  boundary  conditions.  It  was  further 
necessary  to  obtain  a  place  free  frcm  pipes  or  other  conductors  and  one  where  the  walls  of 
the  hole  would  be  or  could  be  made  impervious  so  that  fluids  placed  in  the  artificial  strata 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used; 

"Eeprinted  from  U.  S.  Bureau  of  Hines  Information  Circular  6445." 

2  Senior  geophysicist,  U.  S.  Bureau  of  Mines. 
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could  not  leak  out  into  the  surrounding  soil  nor  pass  in  that  way  from  one  bed  to  another 
It  was  thus  necessary  to  find  a  location  where  the  subsoil  was  an  impervious  clay  or  where 
an  ample  supply  of  such  clay  was  available.  After  an  extended  search  an  ideal  loLlity  was 
X  und  where  a  diabase  dike  of  Triassic  age  had  weathered  to  a  very  impervious  clay. 

hoi.  locality  a  hole  15  feet  long,  12  feet  wide,  and  3  feet  deep  was  dug.  The 

hole  was  made  large  so  that  practically  the  whole  of  each  potential  hemisphere  measured  would 
ixe  within  the  hole  in  the  artificial  strata  on  which  tests  were  being  made.  Sand  from  ! 

near  y  stream  bed  was  used  to  form  pervious  beds  for  oil  and  salt  water  horizons.  The  im- 

i^thr^  burrows,  and  other  openings 

the  walls  and  to  form  impervious  beds  separating  the  pervious  strata  from  each  other. 

n.t.  .  X  divided  into  a  series  of  1-foot  squares  by  a  coordi- 

Zsl  wT  r;  .T  elevation  of  each  intersection  in  the  clay 

^n  the  hoi  T  described  in  greater  detail  below  were  then  placed 

in  the  hole  The  sand  strata  were  formed  by  shoveling  in  the  stream  sand,  which  was  then 

bL^:rcLTd  bTtl°:u! 


H  experienced  with  the  clay  layers  separating  the  sands.  The 

houlfZT  ^  1°  ^  had  to  be  broken  up  and  moistened  several 

u.s  before  use.  The  amount  of  water  used  required  rather  careful  adjustment  since  too  much 

water  made  the  clay  too  soft  to  retain  its  shape,  whereas  too  little  water  left  it  too  hard 
to  permit  working.  Attempts  were  made  at  first  simply  to  throw  the  clay  in  the  hole  and  tamp 
It  into  place  as  lightly  as  possible.  This  procedure  failed  because  it  was  either  necessary 
to  make  the  clay  too  soft  to  retain  its  shape  and  position  or  else  to  cause  considerable 
amage  and  displacement  in  the  underlying  sands.  It  was  finally  found  most  satisfactory  to 
take  large  chunks  of  the  clay  softened  enough  to  be  very  slightly  plastic  while  still  re¬ 
ining  their  toughness  and  tenacity  and  to  chop  them  with  a  hatchet  to  the  desired  thickness 
n  shape.  The  blocks  so  obtained  were  carefully  fitted  together  and  any  spaces  left  filled 
by  semiliquid  or  very  soft  clay.  The  top  of  each  clay  bed  was  carefully  divided  into  1-foot 
squares  as  before,  and  the  exact  levels  of  all  intersections  were  determined  by  transit, 
ree  sands  were  thus  built  up,  separated  and  capped  by  layers  of  clay. 

When  the  surface  layer  of  clay  had  been  added  the  hole  was  divided  crosswise  into 
wo  a  ves.  n  one  half  the  surface  was  kept  approximately  level.  In  the  other  half  a 
ridge-like  mound  lO  inches  high  was  built  up  in  the  center.  The  shape  of  the  surface  is  best 
seen  on  the  topographic  map.  Figure  1. 


The  following  is  a  list  of  the  strata  employed: 

Clay_l^  Base  of  hole,  slanting  upward  to  a  central  ridge.  Elevations 
ranged  from  0.00  at  the  north  and  south  ends  to  +0.57  in  the  center 

(All  elevations  in  hundredths  of  a  foot  above  the  lowest  point  of  hole) 
See  Figure  2. 

San^..  This  sand  ranges  from  +0.45  at  the  edges  to  +0.32  in  the  cen¬ 
ter.  It  is  divided  into  three  parts.  In  the  center  an  18-inch  wide 
lens  of  oil-saturated  sand  is  separated  by  3-inch  walls  of  impervious 
clay  from  the  wet  sands  on  either  side.  On  the  north  or  "hilly"  side 
of  the  hole  this  sand  is  filled  with  salt  water  carrying  30  pounds  of 
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potential  pickups;  P,  potentiometer,  M  A,  the  milliammeter 


♦2.5 


7  8  9  10  II  12 

I  '  r  I  I  !'■■■> 


♦2.0 


♦1.5 


♦  1.0 


■0.5 


0.0 


-0.5 


-1.0 


«.32 

4.44 


’4.56 


»  4.56 


Theoretical  base  of  henispheroids 
o  Wes t  line 
»  East  line 


Figure  4.-  vertical  section  through  the  flat  side  of  the  experimental  block  along  line 
of  measurement  A 


East 


I . C . 6445 . 


salt  dissolved  in  150  gallons  of  water  and  filling  the  sand  to  a  depth 
of  +0.47  foot.  On  the  south  or  "flat"  side  the  sand  is  filled  with 
fresh  water  to  a  height  of  +0.45  foot.  Above  these  two  levels  in 
either  half  the  sand  is  dry;  See  Figure  2. 

Clay  2.  The  upper  surface  of  Clay  2  is  horizontal  and  stands  at  an 
average  level  of  +1.29  feet  above  the  lowest  point  in  the  hole. 

Sand  2.  This,  the  first  entirely  horizontal  sand,  has  a  thickness  of 
0.20  foot,  its  upper  surface  at  a  level  of  +1.49  feet  above  zero  (the 
lowest  point  of  Clay  1,  the  clay  base).  This  sand  is  filled  through¬ 
out  with  salt  water  formed  by  dissolving  60  pounds  of  salt  in  160  gal¬ 
lons  of  water. 

Clay  5.  Horizontal  layer  with  its  upper  surface  at  an  average  eleva¬ 
tion  of  +1.89  feet. 

Sand  5.  Oil  sand.  Horizontal  layer  of  thickness  0.37  foot,  with  upper 
surface  at  elevation  of  +2.26  feet.  Filled  with  160  gallons  of  Bunker 
C  oil,  a  heavy,  black  fuel  oil  with  a  gravity  of  about  14°  B. 

Clay  4.  Final  clay  cap.  Upper  surface  shown  on  topographic  map. 

Figure  1.  Elevation  of  lowest  point  of  surface,  which  serves  as  zero 
point  in  Figure  1,  is  +2.67  feet.  This  clay  had  to  be  put  on  during  a 
heavy  rain,  in  order  to  protect  as  much  as  possible  the  underlying  oil 
sand.  As  a  result  a  considerable  amount  of  oil  oozed  up  into  it,  in 
some  places  through  it,  while  being  laid.  These  oil  seeps  were  later 
blocked  by  adding  clay  and  surface  soil  after  as  much  of  the  oil-soaked 
clay  as  possible  had  been  removed.  A  certain  residuum  of  unremovable 
oil  remains  to  cause  some  irregularities  in  the  resistivities  of  the 
lower  half  of  this  clay,  as  shown  by  the  curves. 

The  arrangement  and  position  of  the  beds  is  shown  in  Figure  2,  which  gives  a  med¬ 
ian,  longitudinal  section  through  both  hole  and  strata. 

Measurements  on  the  beds  were  made  by  Lee's  method  of  partitioning,  Wenner's  method 
and  the  single  electrode  probe  method,  using  direct  current  with  potentiometer  and  milli- 
ammeter . 


Figures  4  and  10  give  profiles  through  the  beds  along  the  lines  in  both  hilly  and 
flat  sides  on  which  measurements  were  made. 

RESULTS  OF  MEASUREMENTS 

Direct  Current.  Direct  current  was  furnished  by  one  to  three  radio  B  batteries. 
In  view  of  the  diminutive  character  of  the  beds  and  the  correspondingly  small  intervals, 
0.08  foot,  between  measurements  the  ordinary  porous  cup  nonpolarizable  electrodes  were  too 
large  to  be  satisfactory.  Electrodes  which  proved  entirely  satisfactory  were  made  from 
ordinary  porcelain  tube  insulators  by  closing  the  bottom  with  a  little  retort  cement.  A 
length  of  copper  wire  was  placed  inside,  the  whole  filled  with  a  concentrated  solution  of 
copper  sulphate  with  an  excess  of  copper  sulphate  crystals,  and  the  top  closed  with  a  small 
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cork.  Because  of  the  density  of  the  porcelain  it  was  found  necessary  to  let  the  electrodes 
stand  for  a  couple  of  weeks  before  use,  to  allow  the  walls  to  become  saturated  with  the  so¬ 
lution.  For  current  electrodes,  brass  bolts  5/16  inch  in  diameter  were  used.  The  results 
of  the  individual  experiments  follow. 

Lee ' s  Method  of  Partitioning 

The  details  of  Lee's  method  have  been  adequately  described  elsewhere^  and  need  not 
be  repeated  here.  Figure  3  shows  the  electrical  connections  used.  In  Figures  5A  and  5B  are 
given  the  results  obtained  along  line  A  in  the  application  of  this  method  to  the  southern 
or  flat  half  of  the  experimental  beds.  The  figures  beside  each  point  on  the  curve  give  the 
distances  of  the  current  stakes  from  the  center  stake  for  those  points.  Two  curves  are 
given,  the  5A  curve  representing  the  line  measured  to  the  east  of  the  center,  the  5B  curve 
that  to  the  west. 

We  discuss  first  the  eastern  curve.  Due  to  the  dryness  of  the  surface  the  curve 
starts  at  a  comparatively  high  resistivity,  14,000  ohms  per  centimeter  cube.  This  is  fol¬ 
lowed  by  a  rapid  drop  as  the  ideal  hemispheres  penetrate  into  deeper  and  more  moist  clay. 
This  continues  with  minor  fluctuations  to  a  depth  of  0.44  feet  (current  distance  0.66  feet). 
Beyond  this  point  the  curve  rises  rather  rapidly  to  a  maximum  between  points  1.20  and  1.32, 
though  nearer  the  latter  figure  as  shown  by  the  shape  of  the  curve.  Turning  to  the  diagram 
of  the  beds  (fig.  4)  we  note  that  the  base  of  Clay  4  is  at  a  depth  of  0.50  feet  below  sur¬ 
face.  This  at  first  sight  appears  to  be  slightly  deeper  than  that  indicated  by  the  curve. 
As  has  already  been  pointed  out,  however,  weather  conditions  made  it  necessary  to  cover  the 
underlying  oil  sand  so  rapidly  that  a  considerable  amount  of  oil  was  caught  in  the  lower 
part  of  Clay  4.  The  presence  of  this  oil  is  clearly  indicated  by  the  fact  that  the  rise 
toward  the  maximum  begins  at  the  shallower  depth. 

In  Figure  4  the  symbols  (circles  and  cross  marks)  represent  the  theoretical  posi¬ 
tion  of  the  base  of  the  ideal  equipotential  hemispheres  measured  for  each  position  of  the 
current  stake,  the  distance  of  the  current  stake  from  the  center  for  that  particular  point 
being  given  by  the  figures  beside  the  symbol.  Since  these  figures  also  identify  the  corre¬ 
sponding  points  on  the  curves  they  form  a  more  convenient  distinguishing  mark  than  the  depth 
and  will  hereafter  be  used  for  identification  purposes  instead  of  the  depth. 

The  base  of  the  oil  sand  in  Figure  4  is  exactly  where  indicated  by  the  curve  in 
Figure  5A,  between  the  points  1.20  and  1.32  but  much  closer  to  1.32.  The  sharp  drop  to 
point  1.44  is  probably  due  to  a  small  amount  of  water  at  the  base  of  the  oil  sand.  Below 
point  1.80  there  is  a  slight  increase  in  the  steepness  of  the  curve  followed  by  a  minimum 
at  or  near  point  2.16.  This  coincides  accurately  with  salt-water  Sand  2  whose  top,  as  seen 
in  Figure  4,  lies  between  points  1.80  and  1.92  and  whose  base  lies  just  below  point  2.16. 
Following  a  slight  rise  to  2.28  there  is  a  rapid  drop  through  moist  clay  to  point  3.24,  the 
base  of  Clay  2.  Below  this  point  lies  Sand  1.  As  pointed  out,  this  sand  is  filled  with 
fresh  water,  but  only  to  the  level  indicated  in  the  diagram.  Above  this  point  the  sand  is 
dry,  or  relatively  so,  and  hence  has  a  higher  resistivity.  This  is  clearly  shown  by  the 
increased  resistivity  at  points  3.36  and  3.48  in  the  curve.  Figure  5A.  These  two  points  are 


3  -  Lee,  F.  W. ,  and  Swartz,  J.  H. ,  Resistivity  Measurements  on  Oil-Bearing  Beds:  Teoh.  Paper  483,  Bureau  of  Mines, 
1930,  12  pp. 

Swartz,  J.  H.,  Oil  Prospecting  in  Kentucky  by  Resistivity  Methods;  U.  S.  Bureau  of  Mines  Technical  Paper,  to  be 
published. 
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exactly  those  shown  in  Figure  4  to  be  located  in  this  upper  dry  portion  of  the  sand.  This 
is  followed  by  a  steady  decline  through  the  fresh-water  filled  portion  of  the  sand  and  the 
underlying  moist  clay  to  4.32,  where  the  curve  flattens  out.  The  exact  correspondence  be¬ 
tween  the  theoretical  depths  as  indicated  by  the  curve  and  the  actual  depths  as  measured  in 
building  the  strata  is  striking. 

Much  the  same  characteristics  are  found  in  the  west  curve.  Figure  5B.  The  break 
here  is  at  1.20  and  is  sharper,  due  very  probably  to  a  larger  amount  of  water  at  the  base  of 
the  sand  on  this  side  caused  (a)  by  the  greater  slope  to  the  west  of  the  center  and  (b)  by 
the  fact  that  the  east  side  of  the  oil  sand  was  covered  first,  leaving  the  west  side  of  the 
sand  exposed  to  a  heavy  downpour  of  rain  for  a  much  longer  time.  The  effect  of  the  salt¬ 
water  is  first  seen  at  2.04  instead  of  1.92.  As  shown  in  Figure  4,  however,  a  displacement 
of  only  0.01  foot  would  suffice  to  throw  the  1.92  point  up  into  the  clay.  Thus  a  slight 
drop  in  Clay  3,  due  to  tamping,  or  a  slight  soaking  of  the  salt' water  into  the  underlying 
Clay  2  would  more  than  account  for  this  apparent  disparity. 

In  this  curve  also  points  3.36  and  3.48  represent  a  minimum  rather  than  a  maximum. 
It  is  to  be  noted,  however,  that  points  3.36  and  3.48  on  this  side,  due  to  topographical 
differences  at  the  surface,  corrected  for  in  locating  these  points  in  Figure  4,  lie  not  in 
the  dry  part  of  the  sand  but  below  in  that  portion  occupied  by  the  fresh  water. 

Three  points  stand  out  from  this  study  of  the  curves:  (1)  The  insulating  effect 
of  the  oil  and  short  circuiting  effect  of  the  salt  water  do  not  prevent  the  registering  of 
resistivity  variations  in  the  underlying  beds  (for  instance,  the  "high"  due  to  dry  sand  at 
3.36  and  3.48  (fig.  5a)  on  the  east  line).  (2)  The  depth  at  which  a  given  resistivity  change 
occurs  is  given  with  striking  accuracy  by  plotting  the  apparent  resistivity  against  a  as 
here  done  (where  a  is  one-third  the  distance  between  the  current  stakes  and  is  calculated 
from  the  formula  =  383  a  E/I,  in  which  I  is  the  total  current  flowing  in  the  circuit,  and  E 
is  the  potential  drop  between  the  pick-up  electrode  and  the  central  electrode).  (3)  The 
depth  reached  must  always  be  measured  beneath  the  current  stake,  not  beneath  the  center. 
This,  of  course,  is  due  to  the  fact  that  the  equipotential  hemisphere  on  which  the  measure¬ 
ment  is  made  surrounds  the  current  stake,  not  the  center.  This  factor  will  be  further  dis¬ 
cussed  at  a  later  point. 


Wenner's  Method 


If  the  central  electrode  in  Figure  3  is  disconnected  and  the  potential  drop  mea¬ 
sured  between  P  and  P  we  have  the  connections  and  method  first  suggested  by  Wenner.  Figure 
6  gives  the  results  of  a  series  of  measurements  made  by  this  method  about  the  center  and 
along  the  line  used  for  Lee's  method  above.  While  the  curve  shows  the  same  general  charac¬ 
teristics,  the  individual  features  are  less  pronounced.  Thus  the  top  of  the  oil  sand,  point 
0.66,  is  much  less  clearly  indicated,  though  the  base  of  the  sand,  point  1.20,  is  still 
clearly  drawn.  The  salt  water  sand  at  2.16  is  indistinct.  The  dry  upper  portion  of  Sand  1 
does  not  show.  The  inferiority  of  this  method  when  compared  with  Lee's  method  of  partition¬ 
ing  is  due  to  the  fact  that  lateral  changes  in  topography  and  to  lateral  variations  in  the 
stratigraphic  character  and  structural  position  of  the  beds  cause  the  two  halves  of  the  elec¬ 
tric  field  to  differ,  often  strikingly.  In  Lee's  method  each  half  is  measured  separately. 
In  Wenner's  method  the  two  halves  are  averaged  together  and  their  individual  characteristics 
thus  concealed. 
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Single-Electrode  Probe 

A  series  of  measurements  were  made  at  the  same  center  using  the  method  of  the  sin¬ 
gle-electrode  probe,  connections  for  which  are  shown  in  Figure  7.  Two  procedures  were  em¬ 
ployed.  In  the  first  a  series  of  concentric  but  overlapping  hemispherical  shells  of  regular¬ 
ly  varying  thickness  were  measured,  the  outer  radius,  a,  being  increased  by  a  constant  inter¬ 
val,  in  this  case  0.08  foot,  but  always  kept  equal  to  twice  the  inner  radius,  as  first  sug¬ 
gested  by  Lee.  In  the  second  a  series  of  concentric  but  contiguous,  nonoverlapping  hemis- 
spherical  shells  was  measured,  the  shells  having  a  constant  thickness  of  0.08  foot,  both 
radii  being  increased  by  0.08  foot  between  measurements. 

Figure  8  gives  the  results  of  measurements  made  by  the  first  method,  that  of  over¬ 
lapping  shells  of  regularly  varying  thickness  in  which  a  always  equals  2b.  The  interpreta¬ 
tion  of  tnis  curve  is  difficult.  The  rapid  rise  shown  by  the  initial  part  of  the  curve  would 
the  rise  begins  is  too  shallow,  even  after  correcting  for  the  oil  trapped  in  the  base  of  Clay 
4.  The  peak  at  a  in  Figure  8  can  not  represent  the  base  of  the  oil  sand,  since  the  curve 
continues  to  rise  to  the  point  c;  and  there  is  no  doubt,  as  shown  by  the  other  curves,  that 
it  should  drop  steadily  after  reaching  the  moist  Clay  3.  The  maximum  at  point  c  would  thus 
appear  at  lirst  sight  to  mark  the  base  of  the  oil  sand.  However,  a  comparison  with  Figure 
5B,  measured  along  the  same  line,  indicates  that  peak  e  is  perhaps  even  more  likely  to  repre¬ 
sent  that  point.  In  either  case,  however,  the  plotted  depth  is  somewhat  too  great  instead 
of  too  shallow. 

There  seems  no  doubt  that  the  minimum,  h,  represents  the  base  of  the  salt  water 
Sand  2.  If  so,  this  constitutes  a  still  greater  discrepancy  between  plotted  and  true  depth, 
the  plotted  depth  being  again  too  great.  Thus  the  plotted  depth  is  too  shallow  for  the  first 
part  and  two  deep  for  the  latter  part  of  the  curve.  When  one  part  fits,  the  other  does  not. 
The  factor  by  which  a,  the  outer  radius  of  the  shell,  must  be  multiplied  to  obtain  the  true 
depth,  is  thus  not  a  constant  but  a  variable.  Although  it  appears  to  decrease  in  value  with 
depth,  the  data  is  insufficient  to  permit  conclusions  concerning  the  regularity  or  signifi¬ 
cance  of  this  change. 

Lee  has  pointed  out  that  it  appeared  necessary  to  multiply  the  outer  radius  of  the 
shell  by  1.4  to  obtain  the  correct  depth.  A  similar  factor  appears  in  the  charts  given  by 
Crosby  and  Leonardon  .  In  both  these  cases  a  simple  arrangement  of  two  contrasting  strata 
was  involved.  In  the  present  experiment  the  stratal  configuration  is  more  complex,  eight 
essential  stratigraphic  units  being  involved,  resulting  in  a  greater  variation  of  the  correc¬ 
tion  factor.  It  thus  appears  that  with  increasing  stratigraphic  complexity  the  equipotential 
hemispheres  in  the  method  of  the  single  electrode  probe  are  subject  to  such  considerable  and 
variable  distortion  that  there  remains  no  constant  relationship  between  plotted  and  true 
depths.  Since  the  relationship  between  the  curve  and  the  strata  involved  is  a  variable  one, 
it  becomes  difficult  to  interpret  it  satisfactorily. 

Shells  of  Constant  Thickness 

Figure  9  gives  the  curve  resulting  from  the  second  procedure,  the  measurement  of  a 


4  -  Lee,  F.  W.,  Joyce,  J.  W.,  and  Boyer,  Phil,  Some  Earth  Resistivity  Measurements;  Information  Circular  6171,  Bureau 

of  Mines,  1929,  16  pp. 

5  -  Leonardon,  E.  G. ,  and  Kelly,  S.  F.,  Some  Applications  of  Potential  Methods  to  Structural  Studies:  Am.  Inst.  Min. 

and  Met.  Eng..  Tech.  Pub.  115,  1929,  18  pp. 
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series  of  contiguous,  nonoverlapping  shells  of  constant  thickness,  in  this  case  O.OS  foot. 
The  rapid  variations  and  marked  irregularity  of  the  curve  is  its  most  marked  feature.  There 
is  no  apparent  resemblance  between  this  curve  and  that  of  Figure  8,  nor  is  there  much  basis 
for  interpretation.  It  is  obvious  from  the  curve  that  irregularities  in  surface  resistivi¬ 
ties  are  so  great  as  to  mask  variations  due  to  subsurface  conditions.  This  experiment  con¬ 
firms  the  view  long  held  by  Lee  that  data  obtained  by  the  use  of  shells  of  constant  thickness 
is  too  greatly  affected  by  surface  variations  in  resistivity  to  have  any  value  in  the  inter¬ 
pretation  of  subsurface  conditions. 

MEASUREMENTS  ON  THE  HILLY  SIDE  OF  THE  BEDS 

The  measurements  discussed  were  all  made  on  the  flat  side  of  the  experimental  beds. 
The  remaining  discussion  will  deal  with  measurements  made  on  the  hilly  half  of  the  experi¬ 
mental  block,  as  shown  in  Figure  1. 

Figure  10  gives  a  section  through  the  artificial  beds  along  the  east-west  line 
used  in  all  the  following  experiments.  The  upper,  solid  line  gives  the  surface  of  the  beds 
as  it  appeared  during  the  Lee  and  Wenner  measurements.  The  lower,  broken  line  gives  the  sur¬ 
face  as  it  appeared  during  the  single  probe  measurements. 

As  already  noted,  topographic  variations  need  to  be  considered  in  interpreting 
resistivity  measurements,  especially  in  determining  the  depths  attained.  The  chief  purpose 
of  the  following  experiments  on  the  hilly  half  of  the  block  was,  first,  to  confirm  more  com¬ 
pletely  the  conclusion  that  a  topographic  correction  is  required  and,  second,  to  determine 
its  nature. 

In  view  of  the  apparent  exactness  with  which  the  value  of  a  =  1/3  CjCo,  (fig.  3) 
expresses  the  depth  attained,  as  noted  in  the  foregoing  experiments  with  Lee's  method  of 
partitioning,  it  was  assumed  as  a  fifst  approximation  that  the  proper  topographic  correction 
would  be  obtained  by  plotting  below  each  current  stake  position  the  corresponding  value  of  a. 
The  points  indicated  by  circles  and  cross  marks  in  Figure  10  were  obtained  in  this  way,  the 
numbers  beside  them  again  representing  the  distance  of  the  corresponding  current  stake  from 
the  center.  The  correctness  of  this  assumption  stands  or  falls  by  the  accuracy  with  which 
the  points  so  located  fit  the  curves  obtained  here  by  Lee's  method,  as  discussed  subsequently 

Lee ' s  Method  of  Partitioning 

The  curves  obtained  by  the  use  of  Lee's  method  on  the  hilly  half  are  shown  in 
Figures  11  and  12.  The  west  line  shown  by  the  curve  in  Figure  13,  reaches  a  maximum  at  the 
2.25  point  which  corresponds  exactly  to  the  base  of  the  oil  sand  as  shown  in  Figure  10. 
There  follows  a  drop  through  the  moist  Clay  3,  with  a  rise  to  a  second  peak  at  2.79,  followed 
by  a  drop  through  the  salt  water  of  Sand  2  to  a  minimum  at  3.03.  From  this  point  on  it  rises 
rapidly  to  a  second  peak  at  3.87  in  the  dry  upper  portion  just  above  the  salt  water  in  Sand 
1.  This  is  followed  by  a  fall  through  the  salt  water,  with  a  flattening  out  at  4.11,  fol¬ 
lowed  by  a  renewed  drop  when  the  clay  base  is  reached  at  4.35.  The  curve  fits  the  points  as 
plotted  in  Figure  10  with  surprising  accuracy.  The  only  discrepancy,  a  slight  one,  is  the 
apparent  downward  shift  of  the  salt  water  in  Sand  2.  This  is  more  probably  due  to  a  downward 
soaking  of  the  salt  water  into  the  upper  part  of  Clay  2,  which  had  been  considerably  dried 
out  and  cracked  before  the  sand  was  placed  in  it.  In  this  way  the  salt  water  might  easily 
have  been  lowered  the  0.06  foot  required.  This  would  leave  a  thin  dry  zone  at  the  top  of  the 
sand,  thus  accounting  for  the  maximum  at  2.79,  and  also  would  give  raise  to  a  saturated  zone 
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at  the  top  of  the  underlying  clay,  thus  accounting  for  the  minimum  at  3.03. 

The  east  line,  in  Figure  12,  rises  also  to  a  maximum  at  2.25,  indicating  the  base 
of  the  oil  sand.  This  is  followed  by  a  drop  into  the  moist  Clay  3,  whence  the  curve  again 
rises  to  a  maximum  at  2.79,  followed  by  a  drop  into  the  salt  water  minimum  at  2.91.  This 
time  point  3.03  is  definitely  below  the  salt  water  zone.  Clay  2  persists  in  its  effect  to 
3.75,  where  we  again  get  a  rise  to  a  maximum  at  3.87  in  the  dry  upper  portion  of  Sand  1. 
This  is  followed  by  a  drop  into  salt  water  and  a  flattening  out  at  4.11,  as  in  the  west 
curve.  The  break  at  4.59  possibly  indicates  passage  dovra  into  the  basal  clay.  All  points 
fit  satisfactorily,  with  the  possible  exception  of  the  oil  maximum  at  2.25.  This  point  is 
apparently  offset  0.05  foot. 

The  most  important  fact  to  be  noted  here  is  the  accuracy  with  which  the  points  of 
the  curve  coincide  with  the  points  plotted  in  Figure  10.  It  follows  that  the  assumption  on 
which  they  were  based  is  probably  correct.  A  topographic  correction  is  thus  necessary  where 
the  current  electrodes  are  moved  during  measurements.  The  depth  attained  is  further  equal 
to  a  (=  1/3  C  C  )  and  should  always  be  measured  from  the  surface  of  the  ground  downward 
beneath  the  corresponding  current  stake  position.  This  experiment  indicates  that  the  stra¬ 
tum  reached  is  that  lying  at  that  depth  at  that  point. 

To  refer  all  measurements  to  a  fixed  point,  such  as  the  center  about  which  mea¬ 
surements  are  made,  it  is  necessary  to  subtract  algebraically  from  the  depth,  a,  the  differ¬ 
ence  in  elevation  between  the  fixed  point  and  the  current  stake  position,  calling  all  higher 
elevations  positive  and  all  lower  elevations  negative.  To  determine  the  stratum  penetrated 
it  is  also  necessary  to  correct  for  the  dip  and  strike  of  the  beds  between  the  two  points. 

Wenner  Method 

Figure  13  gives  the  results  of  meastirements  with  Wenner 's  method  at  the  same  place 
and  along  the  same  line.  Since  the  two  curves  obtained  by  the  method  of  partitioning  are  so 
much  alike,  indicating  a  close  similarity  in  the  two  halves  of  the  field,  it  is  not  surpris¬ 
ing  that  the  Wenner  curve  is  unusually  clear-cut  and  resembles  them  closely.  Even  under 
these  favorable  conditions,  however,  it  is  less  regular  and  clear-cut  than  the  partitioning 
curves , 

• 

This  method  is  subject,  of  course,  to  the  same  topographic  corrections  as  Lee's 
method,  with  the  added  difficulty,  however,  that  different  corrections  in  the  two  halves  of 
the  field  will  frequently  throw  the  corresponding  hemispheres  into  different  strata,  thus 
still  further  confusing  the  curves.  These  errors  for  deep  observations  may  become  a  critical 
factor. 


Single-Electrode  Probe 

The  curve  in  Figure  14  was  obtained  on  the  hilly  half  of  the  beds  by  the  method  of 
the  single  electrode  probe,  using  overlapping  shells  in  which  a  always  equals  2b,  utilizing 
the  same  line  (line  B,  fig.  1)  and  center.  The  curve  again  presents  difficulties  of  inter¬ 
pretation  because  of  the  variable  relationship  between  plotted  and  true  depth.  The  minimum 
at  a  depth  of  0.40  foot  is  perhaps  approximately  at  the  base  of  Clay  4.  The  maximum  at  0.72, 
or  that  perhaps  between  0.96  and  1.04,  appears  to  represent  the  base  of  the  oil  Sand  3.  The 
minimum  at  1.52  feet  probably  represents  the  base  of  the  salt  water  in  Sand  2.  Contrary  to 


8927 


-  8  - 


I. C. 6445. 


the  results  of  the  curve  shown  in  Figure  8,  the  plotted  depth  is  here  always  too  shallow  and 
must  always  be  multiplied  by  a  factor  greater  than  1.0  to  obtain  the  true  depth.  Again, 
however,  the  correction  factor  is  not  a  constant,  but  a  variable  which  appears  to  decrease 
with  depth. 


CONCLUSIONS 

Of  the  various  methods  tried,  Lee's  method  of  partitioning  gives  the  sharpest, 
most  clear-cut,  and  most  easily  interpreted  results.  Wenner's  method  fails  because  it  aver¬ 
ages  together  the  two  usually  quite  dissimilar  halves  of  the  field.  Lee's  method  of  parti¬ 
tioning  has  the  further  advantage  that  it  gives  a  simple  depth  relationship,  which  is  a  con¬ 
stant  one.  The  depth  to  the  stratum  displaying  the  resistivity  shown  by  a  given  point  on 
the  curve  is  in  these  experiments  always  equal  to  one-third  the  distance  separating  the  cur¬ 
rent  stakes  for  that  point,  as  measured  beneath  the  particular  current  stake  position  for 
that  point.  This  relation  does  not  appear  to  vary  with  changes  in  the  resistivities  of  the 
beds  penetrated  -  a  rather  surprising  result  since  it  was  to  be  expected  that  the  equipo- 
tential  hemispheres  would  be  very  differently  distorted  by  beds  of  different  resistivities, 
with  corresponding  variations  in  the  depth  recorded. 

In  general  the  single-electrode  probe  gives  less  clear-cut  results  than  the  method 
of  partitioning  and  has  the  further  disadvantage  of  a  variable  ratio  between  the  outer 
radius,  a,  and  the  true  depth. 

The  necessity  for  a  topographic  correction  where  current  stakes  are  moved  during 
measurements,  as  in  the  Lee  and  Wenner  methods,  is  one  of  the  important  results  of  the  pre¬ 
sent  study.  Since  the  hemispheres  center  about  the  current  stakes  and  not  about  the  center 
of  measurement,  measurements  of  depth  must  be  made  below  the  current  stake.  To  refer  all 
measurements  to  a  fixed  point,  such  as  the  center,  differences  of  elevation  between  the 
fixed  point  and  the  current  stake  must  be  subtracted  algebraically  from  the  depth  below  the 
current  stake,  designating  as  "negative"  all  points  below  the  center,  or  other  fixed  point, 
and  those  above  as  "positive."  To  correlate  the  stratum  reached  with  those  below  the  fixed 
point  it  is  necessary  to  correct  for  the  difference  of  elevation  of  the  stratum  between  the 
fixed  point  and  current  stake.  This  may  be  easily  calculated,  if  the  strike  and  dip  of  the 
beds  are  known,  from  the  formula 


h  =  D  cos  p  sin  b, 

where  h  is  the  difference  in  elevation  desired,  D  is  the  distance  between  fixed  point  and 
current  stake,  b  is  the  angle  of  dip,  and  /3  is  the  azimuth  angle  between  the  dip-bearing  and 
the  bearing  of  the  line  joining  current  stake  and  fixed  point.  Nomographs  for  the  graphic 
computation  of  depth  to  a  stratum  will  be  found  in  a  paper  by  Mertie  . 

The  stratum  reached  is  always  that  lying  at  a  depth  a  =  1/3  C  C  below  the  current 
stake .  This  fact  must  always  be  borne  in  mind,  since  two  factors,  depth  and  the  lateral  po¬ 
sition  of  the  stake,  are  involved  and  must  be  considered  for  a  proper  interpretation  of  the 
data . 


6  -  Mertie.  J.  B. ,  Jr.,  Graphic  and  Mechanical  Computation  of  Thickness  of  Strata  and  Distance  to  a  Stratum:  U.  S. 
Geol.  Survey,  Prof.  Paper  129-C,  1922  pp.  39-52. 
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Figure  14.-  Curves  obtained  on  nllly  side  of  the  enper  i  nenta I  blocks  by  the 
single-electrode  probe,  keeping  a>2b 
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MINING-MD  CRUSHING  METHODS  AND  COSTS  AT  THE 
LIMESTONE  MINE  OF  THE  TOST  PEITN  CERENT  CO . , 

..  ..  '  TOST  WINFIELD,  PA.  ^ 

Sy  George  A.  Morrison  ^ 

INTRODUCTION 

This  paper  describing  the  methods  of  mining  and  crushing  limestone  at 
the  West  Winfield,  Pa.,  limestone  mins  of  the  West  Penn  Cement  Co.,  is  one 
of  a  series  being  prepared  by  the  Bureau  of  Mines  on  raining  practices, 
methods,  and  costs  in  the  various  noninetallic  mining  districts. 

HISTORY 

The  limestone  deposits  of  western  Pennsylvania  have  been  e:q)loited  for 
many  years  and  have  been  quarried  extensively  at  West  Winfield  in  Winfield 
Township,  which  lies  in  the  southeastern  corner  of  Butler  County. 

At  first  the  limestone  v/as  burned  in  open  kilns  but  later  when  the  de¬ 
mand  for  furnace  stone  to  flux  the  iron  ores  brou^t  into  the  Pittsburgh  dis¬ 
trict  became  heavy,  the  larger  sizes  of  stone  were  shipped  to  meet  this  de¬ 
mand  and  the  smaller  sizes  were  screened  out  to  supply  requirements  for  agri¬ 
cultural  lime  and  railroad  ballast. 

As  the  quarries  penetrated  farther  into  the  hillsides,  the  removal  of 
overburden  became  more  and  more  of  a  problem,  until  the  cost  of  its  removal 
made  the  economic  quarrying  of  the  stone  prohibitive.  Underground  methods 
.were  then  tried.  This  was  about  1892,  and  raining  has  been  going  on  continu¬ 
ously  ever  since. 

The  early  methods  of  mining  were  naturally  crude,  the  workings  were  ir¬ 
regular,  and  hand  labor  predominated.  Later  piston  drills  operated  by  gas 
were  used  until  an  explosion  occurred  which  was  caused  by  ignition  of  the 
gas.  The  next  step  was  the  utilization  of  steam  for  the  drills  and  this  was 

1.  The  Bureau  of  Mipes  will  welcome  reprinting  of  this  paper,  provided  the 

following  footnote  acknowledgement  is  used:  "Reprinted  from  U.  S. 

Bureau  of  Mines  Information  Circular  6446." 

2.  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines. 
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follovved  'by  gas-driven  air  compressors.  From  this  time  on  progress  in  min- 
ing  practice  was  steac'y,  and  present-day  operations  are  along  modern  lines. 

The  West  ?enn  Cement  Co.  was  formed  a'oout.  four  yea-rs  ago  to  manufacture 
cement  from  deposits  at  West  Winfield.'  ' 

TOPOCPiPHY  lira  C-SCLOGY 

The  whole  property  lies. in  rough  rolling  hills  traversed  hy  streams  flow¬ 
ing  in  a  southeasterly  direction  to  the  Allegheny  Hiver.  These  streams  have 
cut  through  the  strata  a.nd  e:^osed  successive  horizons,  of  economic  \^lue.  An 
important  upliit  with  a  portlieasteriy  aj^is  cr9ssGS  the  propertj'’.  Glacial  de¬ 
posits  a.re  scattered  over  the  surface  of  the  hills. 

A  "broad  "brecciated  area,  averaging  some  I5  SCO  feet  across  and  showing  a 
considera"ble  amotuit  of  movement  and  shifting  of  the  "beds,  crosses  the  property 
in  a  northeasterly  direction.  This  a.rea  contains  no  wcrka"ble  measures  and 
divides  the  property  into  a  northern  and  a  southern  part.  ‘  ' 

The  accomp.anjring  sketch  (Pig.  1)  shows  the  sequence  of  the  strata.  ATI 
mining  operations  are  in  the  Car"bonifercus  sedimentaries.  The  Vanport  lime¬ 
stone  and  the  underlying  siiale  and  sandstone  are  being  mined  while  the  coal 
that  is  uncovered  by  the  removal  of  the  shale  is  left  for  extraction  at  a 
future  date. 

The  limestone  stratum,  known  as  the  Vanport,  is  extensively  developed 
throughout  western  Pennsylvania.  It  lies  about  65  feet  below  the  Lower 
kittanning  coal  measures  and  is  recognized  by  its  fossils  (mostly  crinoids) 
and  certain  physical  characteristics  as  being  of  marine  origint  .  . 

I 

On  the  Wes.t  Penn  property  this  limestone  lies  nearly  horizontal,  bu.t  in 
reality  it  forms  tli^e  top  of  an  j.aiiticTine  with  a  north  and  south  axis.  The 
limestone  averages  nearly- 25  feet  in  thickness  on  this  property  and  is  quite 
unifom  from  top  to  bottom.  The  only  exception  to  its  uniformity  is  a  layer 
or  two  near  the  top  which  is  called  the  "shell'*  layer.  This  layer  Is  denser 
and  more  brittle  than  the  underlying  stone  and  often  has  a  layer  of  shale  up 
to  an  inch. or  more  in  thickness  iiitcrbedded  with  it;  The  bedding  planes  are 
well  pronounced  throu^out  the  deposit  and  certain  layers  part  well  upon 
blasting.  Joint  planes  and  fracture  planes  run ‘nearly  vertical  and  occa¬ 
sionally  break  up  the  stone  on  shooting,  but  usxially  the  blasted  material 
is  in  great  masses. 

The  following  analysis  is  typical  of  this  limestone:  ■ 

Per  cent' 

Calcium  carbonat e .  90.00 
Lia.g5.iesium  carbonate.........  1. 00 

Silica. .  .  k.  .  .  .  V  .  . .  .  ^  .  I ; . . . .  5.00  ,. 

Jt-lumina.  j  i .  . . .  2,5.0' 

Perric  oxide. 1.50 
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Figure  1.  —  Vertical  section  shxming  the  relation  of  rocks 
at  West  Winfield,  Pa. 
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The  limestone  rests  upon  14  feet  of  shale  from  which  it  parts  readily 
when  hlasted.  This  shale  in  tui’n  rests  on  3  1/2 . feet  of  coal  (Clarion) 
which  likewise  parts  readily  from  the  shale. 

The  shale,  which  is  also  mined,  is  dark  gray,  of  uniform  character, 
and  so  dense  that  it  must  he  drilled  and  hlasted  for  its  removal.  There 
are  no  fossils  in  this  shale,  hut  as  it  lies  between  Carboniferous  strata  — 
the  limestone  above  and  the  coal  below  —  it  is  of  that  age. 


A  typical  analysis  of  the  shale  follows: 


Per  cent 

Silica  .  56.0  . 

Alnmina  .  19.0 

Ferric  oxide  .  8.0 

Calcium  oxide  .  .5 

Sulphur  . .  3.5 

Water  . .  6.8 

Volatile  .  4.0 


The  Clarion  coal  which  is  uncovered  by  the  mining  of  the  shale  is  a 
fair  grade  of  soft  coal  and  has  the  following  analysis; 

Per  cent 

Volatile  .  33  to  44 

Ash . 13  to  6 

Sulphur  . . .  .  2  to  1 

Fixed  carbon  .  '  52 

B.t.u .  12,600 

Lying  directly  below  this  coal  are  from  10  to  16  feet  of  fire  clay 
(known  as  the  Clarion).  This  is.  used  by  the  Pennsylvania  Clay  Products  Co. 


and  has  the  following  analysis: 

Per  cent 

Silica  . . .  .  .  57.22 

Alumina  . .  34.17 

Ferric  oxide  .  .24 

Calcim  oxide  . 1.17 

Magnesium  oxide  .  .49 

Water  .  5.82 


While  probably  too  hi^  in  calcium  and  magnesium  for  malcing  fire  brick, 
this  clay  is  desirable  for  tile,  sewer  pipe,  etc. 


Immedi-ately  below  the  fire  cla.y  is  the  Clarion  sandstone.  This  deposit 
is  50  feet  thick,  very  uniform  in  character,  and  has  a  high  silica  content. 
The  following  is  an  average  analysis: 

Per  cent 
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Tile  only  impurities  are  occasional  iron  spots  and  laiif e-edge  seams  of 
interbedded  coal. 

.  i  ,  i.  . 

Overlying  the  limestone  are  repeated  layers  of  shale  and  sandstone, 
which  are  of  no  economic  va-lue.  Among  these  impure  and  wea]r  measures  are 
two  coal  beds.  The  lowest  of  these,  the  Lower  Kittanning,  is  abotit  3  feet 
thicl:  an.d  may  be  of  value  some  day. 

EXPLO.KATIOK  •  ‘  ■  -  • 


The  extensive  quarrying  of  the  limestone  in  the  early  days  proved  the 
uniformity  of  the  Vanport  limestone  in  the  western  Penns5'‘lvania  district. 

The  numerous  well  drill  holes  driven  on  this  property  quite  completely  out¬ 
lined  the  deposit  on  the  company*  s.  land.,  The  drill  holes  were  primarily  for 
gas  and  oil  which  is  found  at  a  depth  of  some  2,000  feet.  Many  of  these 
wells  are  producing  at  present  and  must  be  avoided  in  mining. 

Recently  holes  have  been  drilled  to  determine  the  extent  of  the 
brecciated  zone  already  mentioned.  These  holes,  5  1/2  inches  in  diameter, 
are  from  100  to  500  feet  in  depth  and  cost  75  cents  to  $2  per  foot,  depend¬ 
ing  upon  accessibility  of  their  location,  depth,  etc. 

In  some  places  the  limestone  outcrops,  but  for  the  most  part  it  is 
covered  with  a  thick  mantle,  of  shale,  sandstone,  and  soil. 

The  uniformity  of  the  stone  as  to  its  chemical  analysis,  physical 
characteristics,  and  extent-  simplifies  the  mining  of  the  deposit. 

Siii^tPLiro 


Few  mine  - sampl es  are  necessary  but  samples  are  taken  hourly  and  analyzed 
at  the  cement  plant  laboratory  and  careful  check  'is  kept  on  all  ingredients 
as  they  are  ground  into  slurry.  Sli^t  variations  are  corrected  to  maintain 
the  desired  analysis  of  the  mix  going  into  the  cement. 

A  considerable  amount  of  the  stone  mined  is  sold  for  commercial  pur¬ 
poses.  This  is  marketed  on  a  basis  of  screen  analysis  specified  by  the  pur¬ 
chaser,  These  analyses  are  made  at  the  mine  so  the  product  may  be  kept  up 
to  the  specified  requirements. 


CHOICE  OF  MIKING  METHODS 

The  flat-lying  strata  penetrate  from  the  valley  walls  into  steeply 
rising  hills  until  the  limestone  measures  often  have  an  overburden  of  200 
or  300  feet.  In  the  early  quarrying  the  outcropping  stone  was  first  worked 
out.  After, 'Tards  stripping  was  carried  on  until  its  cost  prohibited  further 
operations  by  this  method. 
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Then  openings  -^refe  driven'  into"  the  hills  for  removing  the  stone  without 
stripping.  Some  irregular  pillars  were  left  to  support  the  roof.  Soon  after¬ 
wards  a  single-entry  system  was -adopted,  with  rooms  running  off  at  regular 
intervals  to  either  side.  Later' caije  the  installation  of  the  present  douhle- 
entry  system  with  rooms  driven  to  the  left  off  the  left-hand  entry  and  to- 
the  right  off  the  right-hand.  'This  system 'of  rooms  and  entries  with  rihs 
left  between  them  for  support  is  the  presen-t  practice. 

The  entries  and  rooms  are  30' feet  wide,  and  25-foot  pillars  are  left 
between.  Openings  30  feet  wide  are  put  thro-ugh  the  rib  pillars  every  1(X 
feet  or  so .  -  ' 

Two  or  three  layers  of  stone  are  left  in  place  in  the  roof  of  these 
rooms  and  entries  to  support  the  weak  overburden  of  shale  and  sandstone. 

The  thickness  of  roof  layers  left  for  support  varies  from  3  to  5  feet,  de¬ 
pending  upon  the  thickness  of  the  overb-urden  at  that  point. 

•  .  '• 

'The  floor  of  the' world.ngE  is.  the  top  of 'the  shale  measures.  The 
height  of  the  workings  is  detennined  by  a  -unifo'rm  parting  layer  usually 
occurring  19  feet  above  the  floor  of  the  limestone.  This  height  is  quite 
constant  but  in  a  few  places  in  the  mine  it  drops  to  10  or  12  feet.  The 
hi^,  wide  openings  of  the  underground  workings  stand  up  well  with  little 
or  no.  timbering.  .  -■  '  •• 


The  accompanying  map  (Tig.  2)  shows' a  plan  of  the  mine  workings  in  , 
relation  to  the  surface  layout. 

During  the  busy  season  a  daily  pi'oductibn  of  2,000  tons  of  limestone 
and  about  200' tons 'of  shale  is  maintainedi  There  is  no  waste,  as  all  uf  . 
the  tonnage  broken  is  either  screened  and  sold  to  the  commercial  stone  '  ' : 
trade  or  shipped  to  the  cement  plant. 

DRILLING  AlID  SLA.STI1JG  '  _ 

*  ■  ‘ 

The  method  of  extracting  the  stone  is  a  breast-stoping  system  whereby 
the  opening  is  advanced  its  full  height  in  one  cycle  of  operations.  The 
width  of  30  feet  is  taken  out  in  a  series  of  "V"  cuts  driven  into  the  face. 
'The  center  cut  takes  out  .a  wedge-shaped  piece  to  a  depth  of  about  8  feet. 
Then  by  setting  up  the  dm-ill  in  the  notch  formed  by  the  shooting  of  the  "V" 
cut,  holes  are  drilled  to  meet  other  sets  of  holes  drilled  from  the  original 
face  along  the  rib.  These  are  called  the  "angle  cuts"  and  two  of  them  are 
required  to  bring  the  full  room  width  of  30  feet  for  an  advance  of  about 
8  feet. 

The  drill  is  again  set  up  but  this  time  on  the  muck  pile  resulting 
from  the  previous  blast,  and  the  cycle  is  repeated  again  and  again,  each 
time  from  a  hi^er  muck  pile,  until  the  last  set-'up  Is  12  feet  or  more 
above  the  floor.  '  •  ■ 

5  - 
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The  drilling  is  arranged  so  that  a  set  of  four  holes  fanned  from  one 
set-up  will  meet  four  holes  from.i another  set-up  at  right  angles.  The  drill 
runner-  lays  out  the  holes  hy  using  a  powder  hoz  as  a  square  and  a  drill- 
steel  for  a  straight  edge  so  that  he  can  determine  where  to  start  the  com¬ 
panion  holes,  their  angle  to  the  face,  and  their  depth. 

The  vertical  arrangement  of  holes  is  also  fan  shaped  and  drilled  so 
four  holes  from  one  set-up  will  meet  four  holes  drilled  from  another  set¬ 
up.  The  drilling  is  done  so  the  top  holes  come  together  about  a  foot  below 
the  desired  roof  and  the  bottom  holes  about  the  same  distance  above  the 
shale  floor.  The  vertical  distance  between  the  ape:ces  of  the  top  holes  and 
those  of  the  bottom  holes  is  15  feet,  and  a  break  17  feet  high  results  when 
the  holes  are  blasted. 

The  accompanying  sleet ches  (Fig.  3)  show  the  drill  ro-und  in  plan  and 
section. 

After  three  or  four  ro-unds  the  face  has  been  advanced  about  30  feet 
and  a  stoper  di'ill  is  set  up  on  top  of  the  broken  stone  pile  to  drill  2-foot 
vertical  holes  (Fig  .  3)  into  the  roof  on  6-foot  centers.  These  holes  are 
blasted  in  -units  of  30  to  36  holes,  and  the  room,  then  containing  about  2,000 
tons  of  broken  stone,  is  read;'-  for  the  power  shovel. 

In  drifting,  3  1/2-inch  hami-.ier  drills  are  used  mo-unted  on  tripods,  and 
all  holes  are  drilled  wet.  Air  at  100  po-unds  press-ure  at  the  compressors 
delivers  about  80  po-unds  at  the  drills.  Line  oilers  and  a  good  grade  of 
liquid  grease  are  used  on  all  machines. 

The  drill  steel  is  1  1/4-inch  hollow  round  and  is  fitted  with  lugs  on 
sha.-iks.  The  starter  has  a  2  l/8-inch  cross  bit  of  the  McLellan  type  and 
1/8-inch  decrease  in  the  gage  is  made  on  each  30-inch  change  in  the  steel 
length  so  the  bottoming  steel  (13  ft.  5  in.)  has  a  1  5/8-inch  bit. 

A  machine  will  average  165  feet  of  holes  per  drill  shift  mailing  fo-ur 
setups  and  using  from  6  to  9  bits.  The  drilling  speed  of  the  machines  is 
9  inches  per  minute,  and  the  steel  is  actually  cutting  rock  37  per  cent  of 
the  time.  The  balance  of  the  drillers'  time  is  consimied  in  rigging  in  and 
out,  changing  set-ups  and  steel,  blowing  out  finished  holes,  and  mucking 
out  for  set-ups.  A  helper  is  used  on  each  machine,  as  the  long  steel  must 
be  bent  to  get  it  into  the  hole  in  the  narrow  "V"  cut. 

The  depth  of  holes  varies  from  8  to  13  feet,  depending  upon  the  condi¬ 
tion  of  the  face.  All  drill  holes  are  loaded  by  blasters  on  a  ni^t  shift 
and  are  fired  by  blasting  machines. 

A  special  pulverant  dynamite  of  35  per  cent  strength  is  used  in  1  1/2 
b;'  8  inch  cartridges  for  all  face  shots.  Another  type  of  dynamite  of  37  per 
cent  strength  and  less  mealy  is  made  up  in  1  1/4  by  8  inch  cartridges  for 
use  in  blockholes  and  stoper  work.  Little  secondary  blasting  is  required, 

-  6  - 


8975 


If  91 


A.  CROSS  SECTION  PLAN 
Pinal  roof 

I - ^ “ - 1 


Over  burden 


Limestone 

Roof 


Top  of  stone 


_ Final  roof<} _  _ _ 

2  feet  of  stone  to  be  taken  down  vnth  stopers 


/  I 


C.  LONGITUDINAL  SECTION 


Figure  3.  — Drill  round 


.^AUV3TroV.{U  O 


btTWify  %ni?l  —  i  ,  n.xiS 


,  /. 


I.  C.  6446 


as  many  face  holes  are  intentionally  overloaded  so  the  blasted  material  is 
kicked  as  far  hack  into  the  room  as  possible  to  insure  its  being  filled  with 
broken  stone  before  the  shovel  is  moved  in. 

All  holes  are  tamped  with  at  least  three  cartridges  of  tamping  made  up 
by  the  blasters.  Ko.  6  electric  detonators  with  8  and  10  foot  copper  lead 
wires  are  used.  Three  blasters  woricing  on  a  night  shift  prepare  the  tamping, 
malie  up  their  primers,  and  load  and  shoot  all  holes.  No.  14  insulated  cop¬ 
per  wire  is  carried  on  fixed  supports  to  all  faces  being  worked  from  loca¬ 
tions  convenient  for  the  blasting  stations.  No.  20  annunciating  wire  is  used 
to  connect  the  main  lead  wires  to  the  detonator  v;ires. 

An  average  of  0.6  pound  of  dynamite  is  required  per  ton  of  stone  pro¬ 
duced.  This  includes  all  secondary  shooting  and  powder  used  for  any  other 
purpose. 

LOADING  THE  STONE 

The  broken  stone  is  loaded  by  means  of  three  full-revolving  electric 
shovels  which  are  mounted  on  caterpillars.  These  shovels  are  of  5/8,  1,  and 
1  1/4  cubic  yards  capacity,  respectively.  The  5/8  cubic  yard  shovel  is  sev¬ 
eral  years  old  and?  inefficient  but  the  ether  two  shovels  are  of  modern  design 
and  have  proved  very  efficient.  Each  of  these  newer  machines  is  fitted  with 
a  15-foot  boom  and  a  10-foot  dipper  stick.  The  first  two  shovels  use  250-volt 
current  supplied  from  the  trolley  lines,  and  the  last  and  largest  shovel  uses 
alternating  current  at  440  volts  which  is  converted  to  250  volts  (d.c.)  by 
means  of  a  motor  generator  set  mounted  on  the  shovel. 

Twenty  three  hundred  volt  alternating  current  is  brought  into  the  mine 
through  a  12-inch  drill  hole  140  feet  deep.  This  corrent  is  stepped  down  at 
the  bottom  of  the  hole  to  440  volts  before  being  carried  in  well-insulated 
triple-conductor  cable  through  the  mine  to  suitable  taps  for  connecting  flex¬ 
ible  feed  wires  to  the  shovel.  The  largest  shovel  has  proved  especially 
satisfactory  and  has  repeatedly  loaded  over  1,000  tons  of  stone  in  a  10-hour 
shift.  In  1930  it  averaged  700  tons  per  shift.  An  average  for  the  three 
shovels  combined  is  1,500  tons  per  shift.  The  shovels  clean  up  well  along 
the  ribs  and  at  the  faces.  Each  is  served  by  a  trolley  locomotive  equipped 
with  a  gathering  reel  and  running  on  double  track  in  each  entry  and  room. 

These  locomotives  keep  an  empty  car  at  the  shovel  on  one  track  while  re¬ 
placing  a  loaded  car  with  an  empty  one  on  the  other  track.  Enough  empty 
cars  are  kept  in  the  string  at  the  shovels  so,  as  is  often  the  case,  more 
than  one  car  can  be  loaded  before  requiring  replacement  with  empties.  When 
a  train  of  7  to  12  cars  has  been  loaded,  it  is  hauled  away  to  the  crusher 
and  an  emptj'-  train  is  moved  up  to  the  shovel.  In  the  meantime  the  shovel 
has  from  two  to  four  empty  cars  to  load  which  were  left  by  the  locomotive 
before  making  its  trip. 

Table  6  shows  the  loading  data  for  the  first  six  months  of  1930. 

-  7  - 
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Hand  loaders  are  employed  at  a  contract  price  of  $0,215  per  ton  to  clean 
up  faces  and  clean  out  rooms  ;vliere  track  is  to  be  laid  up  to  the  blasted  pile 
so  the  power  shovels  can  work  on  a  thick  pile  of  broken  stone.  At  present 
the  hand-loaded  tonnage  amounts  to  about  17  per  cent  of  the  total  tonnage. 
Later  another  power  shovel  will  be  put  to  work  and  much  of  this  hand  labor 
will  be  eliminated. 

A  topical  shovel  crew  consists  of  the  following  men; 


Drillers  . 

Drillers'  helpers . 

Scalers  and  blasters . 

Locomotive  runners . 

Locomotive-runners'  helpers 

Tracicnen . 

Shovel  runners . 

Shovel-runners'  helpers.. _ 


2-4 

2-4 

2-3 

1-2 

1-2 

2-4 

1-1 

1-1 

12  -  21 


Total 


TMSFORTATIOH 


Seven-ton  trolley  locomotives  are  used,  and  at  present  there  are  four 
on  the  property.  One  locomotive  is  used  for  each  shovel,  and  the  fourth  is 
used  to  haul  to  the  cinisher  from  a  remote  part  of  the  mine.  At  present  the 
locomotives  gathering  for  two  of  the  shovels  also  haul  to  the  crusher. 

These  locomotives  have  22-inch  wheels  with  a  4— inch  face,  a  44-inch 
wheel  base  and  are  13  feet  long  over-all.  They  are  powered  with  two  120- 
ampere,  250-volt  motors,  are  driven  by  worm-gears,  and  have  a  draw-bar 
pull  of  3,700  pounds.  Previously  horses  were  used  for  gathering  but  in 
1930  their  use  was  entirely  discontinued. 

The  mine  cars  (Fig.  4)  are  a  solid-body  type  dumped  by  means  of  a 
rotary  car-dumper,  which  is  actuated  by  compressed  air.  These  135  cubic 
feet  capacity  cars  h.ave  4-inch  axles,  with  outside  journal  boxes  mouiited 
on  8-inch  Hyatt  roller  bearings  and  are  equipped- with  four-wheel  brakes. 

The  car  is  12  feet  long  by  6  feet  wide  and  stands  46  inches  above  the  track. 

The  wheels  are  16-inch  chilled  iron  having  a  face  of  4  inches  and  a  wheel 
base  of  38  inches.  One  wheel  is  ti^it  on  each  axle.  The  car  bottom  is  of 
3-inch  oak  plank  betvjeen  3/8-inch  sheet-iron  plates.  The  cars  weigh  nearly 

4  tons  each  and  carry  an  avei-age  load  of  8  tons.  The  couplings  are  swivel- 
hitchings  of  heavy  design,  so  a  train  can  be  dumped  at  the  crusher  without 
uncoupling  the  cars. 

Trains  of  from  8  to  12  cars  traverse  a  circuit  so  arranged  that  they 
are  always  moving  in  one  direction. 

Tracks  of  36-inch  gage  are  laid  wj.th  40-pound  rails  on  5  by  6  inch  by 

5  foot  oak  ties  on  2  1/2  foot  centers.  Every  fourth  tie  is  a  steel  one  of  V'' 
heav^-  design  having  fixed  gage  clamps.  Curves  are  of  70-foot  radius.  No. 

3  frogs  are  used  in  the  switches  with  5-foot  switch  points  and  7  to  9  foot 
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lead  rails.  The  floors  are  usually  smooth  and  level  hut  occasional  rolls 
occur. 


Service  tracks  to  the  ’rorkin^  faces  are  of  a  temporary  nature  and  are 
made  up  of  10,  15,  20,  8-nd  30  foot  sections  mounted  on  li^t  steel  ties  so 
they  can  he  removed  and  carried  to  another  working  face  or  else  relaid  when 
required  after  blasting.  Hoclc  ballast  is  used  on  all  permanent  track,  ejid 
every  effort  is  made  to  maintain  all  such  track  in  the  best  condition. 

Parallel  throw-switch  sta.nds  are  used  to  avoid  the  possibility  of  the 
operator  being  thrown  under  passing  cars  when  throwing  a  switch. 

In  1950  the  average  haul  (loaded)  was  about  3/4  of  a  mile  and  the  75 
cars  serving  the  shovels  averaged  five  trips  per  shift. 

Car  repairs  at  present  are  mostly  due  to  bi'oken  wheels.  A  new  wheel 
has  been  designed  and  its  use  is  e3q)ected  to  reduce  this  breakage  greatly. 

The  trolley  is  a  "0000"  wire  s^ispended  8  1/2  feet  above  the  trade  by 
means  of  "low-mine"  suspension  insulators  and  pipe  trusses  fastened  into 
the  roof  by  expansion  sleeves.  By  careful  bonding. and  crossbonding  a  cur¬ 
rent  of  250  volts  is  mo.intained  throughout  the  mine. 

All  power  is  purcha.sed,  at-  2,300  volts  and  transformed  to  250  volts 
direct  current  for  haulage  in  the  mine  by  means  of  a  150-kilowatt  motor- 
generator  set  of  modern  design  which  is  in  turn  served  by  an  automatic 
switchboard. 

Ten  to  12  men  are  engaged  in  serving  the  shovels  and  maintaining  track. 


;  DrAIilAGB 

Little  water  is  encouiitered,  but  in  certain  sections  of  the  mine  there 
is  some  water  at  the  faces  and  it  is  a  great  hindrance  in  laying  trade  and 
in  screening  the  v.?et  stone  in  the  crushing  pla-nt.  Gmail  pumps  cpera.ted(.  by 
air  are  installed  where  necessary  and  moved  from  place  to  place  as  required. 

Vm'JLiTIOlJ 

All  ventilation  is  natural  and  is  obtained  bj''  frequent  openings  to  the 
surface.  These  openings  are  of  a  large  cross  section.  The  constant  clearing 
away  of  all  rubbish  and  the  confining  of  blasting  to  one  shift  contribute  to 
maintaining  excellent  working  conditions. 

TII'/iBBBING 

Occasional  timbering  is  required  to  support  certain  layers  in  the  roof 
that  may  become  loose.  Ten  to  12  inch  posts  cut  from  the  companj’’*  s  property 
are  used  with  heavy  headboards .  At  some  places  in  the  mine  the  openings  to 
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the  surface  pierce  roof  layers  so  hadly  leached  that  they  have  no  stren^h. 
In  such  places  drift  sets  ^ri.th  heavy  lagging  are. required. 

v' 

SttU.B  MIHING 

The  floor  of  the  liiaestohe  is  shale  which  extends  from  about  14  feet 
to  a  42-inch  bed  of  coal.  This'  shale  is  rained  out  of  rooms  from  which  the 
stone  has  been  extracted. 

To  reach  this  level  at  the  top  of  the  coal  a  track  on  a  7  degree  slope 
is  carried  do'/m  from  the  old  room  floor  at  one  place  in  the  mine.  The  track 
is  thereafter  continued  on  the  top  of  the  coal  from  rocm  to  room,  going 
throu^  ribs  as  they  are  encountered  at  points  where  holes  have  previously 
been  cut  in  raining  the  limestone. 

The  shale  is  broken  with  sirdeer  drills  which  djill  12-foot  holes  on 
6-foot  centers  in  the  old  room  floors.  About  250  tons  of  shale  are  required 
per  day  and  this  is  broken  b^’'  two  men  who  do  all  drilling  and  blasting  and 
look  after  the  track.  The  shale  loading  is  all  done  by  hand.  The  loaders 
are  paid  on  contract  o.t  a  rate  of  $0,215  per  ton. 

The  coal  uncovered  bj’’  raining  the  shale  is  left  in  place  for  raining  at 
some  future  date  when  it  may  be  required.  A  considerable  tonnage  of  this 
coal  has  already  been  uncovered. 

CliUSHING  PLANT 

Car-Dumper.-  The  loaded  cars,  delivered  by  locomotives  in  trains  of 
from  3  to  12,  are  set  on  the  loaded-car  track  at  the  crushing  plant.  An 
electrically  driven  car-puller,  consisting  of  a  standard  hoist  handling  a 
continuous  cr.ble  through  sheaves  along  this  track,  hauls  the  trains  in  over 
the  car  scales  and  into  the  car  dumper,  which  is  set  on  a  1  1/2  per  cent 
slope.  The  cars  are  completely  emptied  without  being  uncoupled  by  being 
given  a  half  turn  in  the  dumper  cradle,  ■vdiich  is  revolved  by  means  of  com¬ 
pressed  air.  Two  men  serve  the  dumper  and  also  hook  the  trains  and  look 
after  the  crushers  below.  The  empty  cars  drift  down  the  empty-car  track 
to  be  picked  up  by  the  locomotive  that  brought  in  the  loads  and  which  has 
by-passed  the  crusher  building.  The  retuini  trip  into  the  mine  is  on  a 
different  track  than  that  over  which  the  loads  came  out  and  a  circular 
path  of  traffic  is  thereby  maintained  over  which  the  trains  are  moving 
onlj’’  in  one  direction. 

The  dumped  stone  goes  directly  into  a  59-inch  gyratory  C2rusher  with 
its  discharge  opening  set  at  4  inches  and  v^hich  is  belt  driven  by  a  125-hp. 
motor.  The  product  from  this  primary  crusher  goes  over  a  No.  9  live-roll 
grizzly  with  2  3/4-inch  openings  which  is  powered  by  a  10-hp.  motor  driving 
throu^  sprockets  and  chain. 


8975 


-  10  - 


Figure  5.  — Flow  sheet  of  crushing  plant 
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From  the  the  oversize  is  ?.ifted  hy  means  of  a  40-foot  elevator 

equipped  with  close-connected  steel  buckets  on  double  chains,  to  a  10-inch 
gyratory  crusher  which  is  set  at  a  2-inch  discharge  opening  and  is  belt- 
driven  by  a  40-hp.  motor.  The  discharge  from  the  crusher  joins  the  uiader- 
size  from  the  grizzly  and  is  delivered  onto  a  24-inch  conveyor  belt  218  feet 
long  and  inclined  3  ]./8  inches  per  foot  which  conveys  the  stone  to  the  top 
of  the  screen  room. 

In  the  screen  room  is  a  double- jacketed  revolving  screen  72  inches  in 
diameter  and  26  feet  long,  mounted  at  a  slope  of  1  1/4  inches  to  the  foot, 
over  concrete  bins.  The  holes  in  the* revolving  screen  are  round  and  are 
punched  in  3/8  inch  plate.  The  first- jacket  is  also  made  of  punched  plate 
but  the  second  one  is  of  woven  wire  with  5/8-inch  holes.  All  vibrator 
screens  are  also  of  wire  screening  with  square  holes.  The -products  of  the 
revolving  screen,  after  the  proper  blending  on  vibrating  screens,  fall  into 
12  concrete  bins  which  hold  about  150  tons  each.  The  bins. feed  through 
wide-mouthed  gates,  operated  by  hand,  into  railway  cars  standing  on  the 
double  railway  tracks  immediately  beneath. 

The  delivery  of  the  product  carried  by  the  conveyor  from  the  crushers 
is  arranged  so  that,  by  means  of  chutes  and  gates,  stone  for  the  cement 
plant  can  be  delivered  directly  to  bins  without  having  to  go  through  the 
revolving  screen.  The  screened  products  are  blended  as  required  by  the 
specificatibns  of  the  trade  for  road  material  and  concrete  aggregate. 

An  18^inch  apron  conveyor  tra.verses  one  side  of  the  bins  and  elevates 
material  from  any  bin  to  a  mechanically- vibrated  screen  which  is  drenched 
with  vTater  from  numerous  nozzles  under  hi^  pressuxe.  This  washed  material 
is  drained  while  passing  throu^  metal  spouts  into  the  railway  cars  below. 

Finished  stone  for  the  cement  plant  is  delivered  in  hopper-bottomed 
railroad  cars  which  are  drawn  into  the  unloading- tunnels  at  the  plant,  or 
else  have  their  loads  stocked  in  convenient  piles  to  be  reclaimed  by  loco¬ 
motive  cranes  as  required. 

Truck  haulage  from  all  bins  is  provided  by  conveniently  operated  chutes. 
Figure  5  is  a  flow  sheet  of  the  plant. 

Table  1  gives  a  summary  of  crushing  data  for  the  first  eight  months 
of  1930. 
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Table  1#  -  Crashinj^  Plant  Q-peratin.q;  Data,  F irst  Ei.?:ht  Months  of  1930 . 


Month 

Tons 

'  Total 

Delays  in  hours  due 

to 

hours 

No  stone 

No  railroad 

cars 

Big 

■oieoes 

Miscel¬ 

laneous 

Total 

January 

33,800 

195 

16 

1 

3.5 

3 

23.5 

Pebiuary  ' 

26,400 

144 

15 

.5 

1 

4 

20.5 

March 

37 , 000 

200 

24 

1.5 

3 

6 

54.5 

April 

23,650 

152 

32.5 

—  — 

3.5 

.5 

36.5 

May 

42,500 

250 

30.5 

— 

5 

2 

37.5 

J'une 

51,700 

270 

25 

3 

3 

31 

July 

48,200 

231 

32 

1 

4 

5 

42 

August 

51,975 

262 

40 

6.5 

1.5 

48 

Total 

515,225 

1,704 

215 

4 

29.5 

25 

273.5 

Percentage 
of  delays 

78.5 

1.5 

11 

9 

100 

Percentage  of  lost  time  -  -  16 
Average  niimber  of  tons' per  hour  -  --  --  --  --  --  --  --  --  --  -  186 
Average  number  of  tons  per  hour  (if  no  lost  time)  -  --  --  --  --  --  22^ 


Percentage  of  lost  time  -  --  --  --  --  --  --  --  --  --  --  --  -  16 
Average  number  of  tons' per  hour  -  --  --  --  --  --  --  --  --  --  -  186 
Average  number  of  tons  per  hour  (if  no  lost  time)  -----------  22^ 


Note: 

"No  stone"  means  that  the  dumper  was.  idle  because  of  .no  loaded. mine  cars 
to  dump.  ' 

"No  railroad  cars"  means  that  there  v/as  a  shortage  of  these  cars* 

"Big  pieces"  indicates  that  the  crusher  was  plugged  or  arched  over. 

Under  "Miscellaneous"  are  included  delays  for  oiling,  repairs,  or  cars 
with  broken  wheels. 

The  tonnage  is  for  stone  and  shale.  The  shale  is  much  slower  in  crushing. 

The  plant  capacity  can  be  assumed  to  be  250  tons  per  hour,  and  the  actual 
production  225  tons. 

In  the  three  years  this  plant  has  operated,  no  renewals  have  been  required 
by  the  crushers  (except  for  some  bottom  plates  in  the  30-inch  gyratory/),  con¬ 
veyor,  or  revolving  screen.  Chutes  have  had  to  be  relined  and  patched,  however 
The  screens  on  the  vibrators  last  about  six  months,  and  the  drive  belts  on  them 
are  likely  to  whip  out  at  the  fastenings  in  a  few  months. 

The  flow  sheet  (Pig.  5)  shows  that  the  ■undersize  thro'ugh  the  5/8  inch  re¬ 
volving  screen  passes  to  a  bank  of  three  vibrating  screens.  A  smaller  n'umber 
of  vibrators  might  do  the  work  but  it  was  considered  possible  that  l/8-inch 
screens  might  be  used  on  them,  and  as  the  stone  from  the  mine  is  often  damp 
it  is  necessary  to  carry  a  thin  bed  on  these  machines  to  insure  proper  sizing. 

Table  2  shows  screen  analyses  of  the  -various  products. 
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The  crushing  plant  is  operated  Irimarily  to  supply  the  cement  plant  with 
raw  material  and  the  screening  plant  to  supply  surplus  production  to  the  com¬ 
mercial  stone  trade.  The  requirements  as  to  size  of  coraraercial  stone  vary  and 
the  tonnage  demand  is  also  erratic.  I^o  anticipation  of  the  sizes  and  tonnage 
required  can  he  made  definitely.  Since  space  for  stock  piling  is  limited 
around  the  plant  and  the  demand  for  the  products  fluctuates,  it  is  often  nec¬ 
essary  to  put  the  whole,  daily  production  over  the  screens  to  produce  the  re¬ 
quired  tonnage  of  some  certain  size  or  sizes. 

Table  3  lists  seme  of  the  products  sold  and  their  specifications.  By 
means  of  spouting  between  screens  ah'd.  bins,  mixtures  are  made  so  manj”  combi¬ 
nations  can  be  turned  out  for  shipment. 

FKd  CBUT  E.XTHdCTICN  • 

As  there  is  no  concentration,  the  crushing  plant  delivers  the  same  ton¬ 
nage  it  receives. 

The  mining  recover^’’  at  present  is  55  per  cent.  Tlie  remaining  45  per  cent 
can  be  recovered  later  by  removing  pillars  on  a  retreating  system  from  any 
places  where  the  surface  is  of  so  little  value  that  subsidence  is  not  objec¬ 
tionable. 

The  cement  plant  consumes  two-thirds  of  the  mine  output  and  the  balance 
is  sold  to  the  trade  as  commercial  stone. 

EIvIPLOYEE’S  PAY  SYSTE?.! 

The  mine  is  operated  on  a  six-day  week  basis  of  8  or  10  hours  daily,  de¬ 
pending  upon  the  tonnage  required.  Due  to  a  fluctuating  market,  the  working 
season  varies  somewhat,  but  10  months  is  about  the  average  year. 

Except  for  about  18  per  cent  of  the  total,  all  labor  is  paid  on  an  hourly 
ba.sis,  and  wages  vary  from  45  to  80  cents  per  hour.  The  shale  and  some  of  the 
stone  is  loaded  by  hand  on  contract  at  a  rate  of  $0,215  per  ton,  and  it  is 
this  labor  that  accounts  for  the  18  per  cent  exception  noted  above. 

SAFETY  METHODS ,  ETC. 

Well-equipped  first-aid  cabinets  are  kept  at  various  places  throu^iout 
the  mine  and  crushing  plant.  Each  locomotive  and  shovel  also  carries  a  kit. 

Tlie  mine  is  divided  into  three  divisions,  each  under  a  separate  boss. 
These  divisions  compete  with  each  other  for  quantity  of  production  and  the 
least  number  of  accidents. 

Three  first-aid  teams  are  kept  in  training,  one  team  for  each  division 
of  the  mine. 
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In  1929  the  wiiole  force  was  given  a  course  in  fir^t-^aid  -under  the  di¬ 
rection  of  a  representative  of  the  B-ureau.  of  Mines. 

^  .  I  •  *  t* 

Careful  scaling  of  the;  roofs,  well-planned, -Drepara^-t ion  for  shots,  ade-* 
quate  lighting  of  workings,  cleaning  up  openings  and  keeping  passagevTays 
free  from  stone,  etc.,  maintaining  equipment  in  the  "best  repair,  and',.effl- 
cient  workmen  who  thirJc  of  the  possioilities  of  an  accident  as  well  a$  effi¬ 
ciencies  all  aid  in  maintaining  the  low  accident "rate  the  company  enjoys# 


OTICIMCIES  AtlD  COSTS 


Tables  4,  5,  6,  7,  and  8  give  various  statistics  of  performance.  Fig¬ 
ure  6  is  an  organization  cliart. 
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Table  4>'/-  Drillin,;-,’  data,  Jamaary  1st  to  December  1st.  1929. 


Periods  by  quarters 

..Pirs.t. . 

Second 

Third 

Pourth 

Total 

Drill  shifts  (drifters  only)  ----- 

207 

525 

607 

266 

1,606 

Peet  of  drilling  (drifters  only)  -  -  - 

29 , 874 

84,823 

102,000 

42,526 

259 , 220 

Average  feet  drilled  per  drill  shift  - 

145 

161 

168 

160 

160 

Steel  used  (total  number)-  ------ 

1,315 

4,584 

5,609 

2,420 

13,928 

Steel  used  per  drill  shift  (average 
number)  -------------- 

6.3 

8.8 

9.5 

9 

8.7 

Percent  of  steel  broken  ------- 

5.3 

6.0 

7.5 

4.7 

6.3 

Total  shifts,  all  drills - - - -  ^2,233 

Total  repairs,  all  drills  (including  tanks,  tripods,  etc.)  -  $2,107 

Repairs  per  drill  shift  -  $0.92 

Tons  produced  -  -  - - 388;,  285 

Peet  drilled  per  ton'-  -  --  --i  -  --  --  --  --  --  --  -  0.67 

Tons  per  drill  shift  (1606  plus  .stoper  425.  equals  2031  shifts)  190 
Steel-sharpener  shifts  250 

Steel-sharpener  shifts  per  drill  shift  -----------  0.11 

Steel  used  per  drill  shift  (average  number)  --------  8.7 

Steel  produced  per  sharpener  shift  -------------  55 

Repairs  per  sharpener  shift  $0.60 

Drill  repairs  per  ton  produced,  1929  ------------  $0.0054 

Drill  repairs  per  ton  produced,  1928  -  --  --  --  --  --  - _ .  0053 


^This  figure  includes  252  drill  shifts  eraployed  in  block-holing  or 
secondary  drilling. 

Note:  The  steel  in  1  1/4  and  7/8  inch  sizes  contained  0.87  per  cent  carbon. 
Pifty  per  cent  of  the  breakage  is  in  the  7/8-inch  steel  used  in 
stoper  machines. 
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Table  5.  -  Transporta-tion  data,  January  1st  to  July  1st,  1950. 


Tons  hauled,  stone  and  shale  ____  212,116 

Tons  hauled,  stone  and  shale  (including  double  haul  in  ge.thering  -  292,100 

Average  length  of  liaul,  feet  (loaded) - _  2,359 

Ton-miles  hauled - - - - - - - - -  130,500 


Costs  (gathering  included)  > 


( 

Per 

Per  ton 

Per  ton 

Per 

cent 

produced 

double-hauled 

ton-mile 

Locomotives: 

' 

\ 

Operating  labor 

0.027 

0.0196 

0.0438 

Repair  labor 

.004 

.0038 

.0062 

Operating  supplies 

.001 

.0007 

.0015 

Repair  supplies 

.003 

.0025 

.0055 

Power 

.003 

.0021 

.0047 

Total  locomotives 

34 

.038 

.0287 

.0617 

Trolley: 

„ 

Labor 

•  .004 

.0032 

.0071 

Sppplies 

,002 

.0016 

.0035 

Total  trolley 

^  • 

5 

.006 

.0048 

.0106 

Cars: 

c 

Labor 

'  .005 

.0038 

.0085 

Sxipplies 

.006 

,0041 

.0092 

Total  cars 

10 

.011 

,.0079 

.0177 

Track: 

•  1 

La.bor 

.038 

.0275 

.0609 

Supplies 

.015 

.0111 

.0247 

Total  track 

48 

.053  ■ 

.0386 

,0856 

Livestock;  Labor  and  supplies 

3_[ 

.004 

.0032 

.0068 

Total  transportation 

100 

.112  1 

.0832 

.1824 

Note:  The  average  tons  per  trip  to  the  crusher  is  64. 

Gathering  requires  many  trips  of  but  small  tonnage;  ms-king  up 
trains  and  placing  empties.  The  average  car  load  is  8  tons. 
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Table  6.  -  Power  slx)vel  data,  January  1st  to  July  1st,  .1939* 


•% 

TalDle  7.  -  S-uiranars^  of  costs  in  nmits  of  labor,  pQvyej?|.  SU-PPmS^* 


S1;one 


T 


,  Crashing 


jStonel  !  Etone  ... 

Shale!  and  btonephale  and  Stone?  Tsai'S 


A, -Labor; 

(Man-Hrs  per  ton) 
Drilling 
Blasting 
Sca-ling 
Loading; 

(A)  Shovels 

(B)  Hand 
Hauling; 

(A)  Direct 

(B)  Track 
Miscellaneous 
Supt . 

Crushing 

Total  labor 
Average  tons  per 
man- shift 
Labor 


24.  g 

per  cent  of  total  - 


Shale: 


0. 1190. 051D. Ill 
0.0170.0100.016 
0. 0320. 020|0. 031 

0.031  -  p.027 

0. 07 5p. 3290.105 

0.049!o.  0500.050 
0.O62p.03G|0.058 

o.02;^o, 


Shale 


f® 


Total 


.0240.023 


0.408p. 5200.421 


19.3 


B.-Povrer  and  Supplies 
Explosives, 
lbs,  per  ton 


Total  power, 

Kw.  h.  per  ton 
Shovels 
Locomotives 
Compressors 
Dump 
Crushers 
Screens 
Elevators 
Conveyors 
Washing 

Other  supplies, 
per  cent  of  total 
Suuplies  and  power, 
per  cent  of  total 


b.032 


0.0440.033, 


23.8 


10.032 

310. 


-  0.41 

-  0.70 

-  0.39 


Per  cent  of 
total  cost 


^0120. 131 C 

0.0170. 01 Ob. 016 
3.00^  005 0.038 0.023 0.036 


0. 01^ 


0.005 


0.0440.0330.0800 


227. 


304. 


0.0320*. 


— 

,  pljonat 

kpd  Etone  Shale 


ghi^ 


I 


125 


0.02 

0.52 

0.06 

0.02 

0.04 

0.01 


f 


.Mo.Srao. 

"  1  '■•‘K 


Stone 

and 

Shale 


0.0590.123 


.0040.0.36 


0.0750.3290.103 

i032D. 0820.0820. 083 
0,0620.0360.058 
0 . 02^.Q<}{lj6.t)2S  0 . 0250.0250. 025 


0.0230.0240.023 
O.O.^PO. 0440. 033 


■f 

14^  12^ 


5200.6330.532 


19.2 

47.5 


.681 


0.031 


15.8 

72.5 


.466 


18.7 

49.6 


.655 


2.17' 

.41 

.70 

.39 

.02 

.52 

.06 

.02 

.04 

.01 

10.7 

14.1 


78.5 
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Table  8.  -  Detailed  summary  of  costs.  January  1st  to  July  1st,  1950. 


/ 

Stone 

Shale 

Stone 

and  shale 

Per 

cent 

I  Cost 
per  ton 

|Per 

icent 

j  Cost 

jper  ton 

Per  j  Cost 

cent  Iper  ton 

Loading: 

Total  all  shovels  ------- 

n  - - 

\ 

'$0,045 

1 

i 

i 

r 

i 

1  $0,039 

Total  all  hand-loading  -  -  -  - 

.045 

i$0.215 

.075 

Total  loading 

15.3 

.090 

136.3 

i  .215 

17.5 

.104 

Drilling: 

Operating  labor  _______ 

.098 

r 

1 

1 

1 

1 

i  .064 

.095 

Air  -  --  --  --  --  --  --  - 

.010 

— 

1  .010 

— 

.010 

Operating  supplies  ------ 

.011 

— 

1  .012 

.012 

1 

Repair  snpnlies  -  --  --  --  -i 

—  — 

.  005 

I  .006 

.006 

Total  drilling  ------- 

21.3 

.125 

15.5 

.092 

20.6 

.122 

Blasting: 

Labor 

.013 

.007 

.010 

Ejqilosives  and  other  supplies  - 

— 

.095 

.063 

.092 

Total  blasting  ------- 

18.3 

.108 

11.8 

.070 

17.2 

.102 

Haulage: 

Locomotives  ---------- 

.043 

—  ^ 

.043 

.043 

Trolley  ------------ 

.005 

—  — 

.006 

.006 

Cars  -  -  —  --------- 

.011 

— 

.011 

— 

.011 

Track  maintenance  ------- 

.053 

.  063 

.... 

.054 

Total  haulage  ------- 

19.1 

.113 

2079^ 

.123 

19.1 

.114 

General  charges 

26.1 

.154 

15.5 

.092 

25.6 

.151 

Grand  total  ----------- 

100 

.590 

100 

.592 

100 

.593 
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MILLING  METHODS  AT  THE  HUGHESVILLE  CONCENTRATOR 
OF  THE  ST.  JOSEPH  LEAD  CO.,  HUGHESVILLE,  MONT.* 


By  Wm.  0.  Vanderburgh 
INTRODUCTION 

This  paper  describing  the  milling  methods  at  the  Hughesville  concentrator  of  the 
St.  Joseph  Lead  Co.,  Hughesville,  Mont.,  is  one  of  a  series  of  similar  papers  being  prepared 
by  the  U.  S.  Bureau  of  Mines  on  practices  at  the  various  mills  in  the  United  States. 

The  writer  expresses  his  thanks  for  the  courtesies  extended  by  the  officials  of  the 
company  while  visiting  the  property  and  acknowledges  the  assistance  and  helpful  suggestions 
given  by  R.  H.  Willcomb,  general  manager,  and  Carl  Martin,  mill  superintendent,  of  the 
Hughesville  Division  of  the  St.  Joseph  Lead  Co.;  and  E.  D.  Gardner,  supervising  engineer, 
U.  S.  Bureau  of  Mines,  Southwest  Experiment  Station,  Tucson,  Ariz.,  in  gathering  and  com¬ 
piling  the  data  herein  presented. 


LOCATION 

The  concentrator  is  located  in  Barker  Canyon  of  the  Little  Belt  Mountains,  66 
miles  southeast  of  Great  Falls,  Mont.  The  mill  site  is  on  a  hillside  about  2  miles  from  the 

mine.  Ore  is  transported  from  the  mine  to  the  upper  end  of  the  mill  by  an  aerial  tramway 

10,250  feet  long.  The  upper  terminal  of  the  tramway  is  5,930  feet  and  the  lower  terminal 
5,548  feet  above  sea  level.  Factors  influencing  the  choice  of  the  mill  site  were  the  avail¬ 
ability  of  ground  for  tailings  disposal  and  the  desirability  of  maintaining  a  railroad  grade 
under  3  per  cent  to  the  mill.  A  company-owned  standard-gage  railroad  10.8  miles  long  con¬ 
nects  the  mill  with  the  Neihart  Branch  of  the  Great  Northern  Railroad  at  Monarch. 

The  mine  is  in  Judith  Basin  County  and  the  mill  in  Cascade  County,  Mont. 

GENERAL 

The  mill  has  a  daily  capacity  of  400  tons.  An  average  of  25  men  is  required  to 

operate  the  mill  on  three  shifts  of  eight  hours  each.  Two  classes  of  concentrates  are  made: 

A  lead  concentrate  which  for  the  year  1929  averaged  61  per  cent  of  lead,  5.7  per  cent  of 
zinc,  50  ounces  of  silver,  and  0.05  ounce  of  gold;  a  zinc  concentrate  averaging  51  per  cent 
of  zinc,  1  per  cent  of  lead,  31  ounces  of  silver,  and  0.02  ounce  of  gold. 

The  ore  occurs  in  a  fissure  vein  in  syenite,  and  it  is  mined  by  the  horizontal 
cut-and-fill  system.  About  35  per  cent  of  the  material  blasted  is  rejected  underground  as 

1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used; 

''Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6447." 

2  -  Associate  mining  engineer,  U.  S.  Bureau  of  Mines. 
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waste  and  is  used  to  fill  the  mined-out  portions  of  the  vein.  Selective  mining  and  hand- 
sorting  are  practiced  to  a  great  extent  to  obtain  a  higher-grade  product  for  concentration . 
Hand-sorting  is  employed  both  underground  and  on  the  surface.  About  8  per  cent  of  the  run- 
of-mine  ore  is  rejected  as  waste  by  hand-sorting  at  the  grizzly  ahead  of  the  primary  breaker. 

The  water  supply  for  the  mill  is  derived  from  two  sources:  Dry  Fork  Belt  Creek, 
and  one  of  its  tributaries,  known  as  Gold  Run  Creek.  All  the  mill  water  supply  during  the 
summer  months  has  so  far  been  taken  from  Gold  Run  Creek.  During  the  winter  the  tributary 
creek  freezes  over  and  the  water  gets  low,  so  the  mill  is  supplied  with  water  from  Dry  Fork 
Belt  Creek.  The  surge  tank  for  the  water  supply  has  a  capacity  of  85,000  gallons.  Water 
flows  by  gravity  from  the  dam  located  on  Gold  Run  Creek  through  6,000  feet  of  5-inch  redwood 
stave  pipe.  The  water  from  Dry  Fork  Belt  Creek  is  elevated  to  the  surge  tank  in  one  lift  by 
a  single-stage  centrifugal  pump  which  has  a  capacity  of  350  gallons  per  minute.  The  pipe 
line  consists  of  2,500  feet  of  4-inch  and  800  feet  of  6-inch  standard  iron  pipe,  the  latter 
connecting  the  surge  tank  with  the  mill.  By  arrangement  of  valves  which  control  the  flow  of 
water  into  the  mill  circuit,  the  6-inch  portion  of  the  line  serves  the  double  purpose  of  a 
discharge  into  the  surge  tank  or  into  the  mill  circuit,  as  required.  When  the  mill  is  using 
less  water  than  is  being  pumped  the  excess  water  is  forced  up  the  6-inch  line  to  the  surge 
tank;  when  more  water  is  required  the  additional  water  flows  from  the  surge  tank  through  the 
6-inch  line  to  the  mill.  A  check  valve  is  located  at  the  end  of  the  4-inch  line  which  pre¬ 
vents  the  water  from  flowing  from  the  surge  tank  back  through  the  pump.  This  is  necessary 
because  of  a  small  by-pass  at  the  pump  which  drains  it  and  the  4-inch  line  as  soon  as  the 
pump  stops.  The  by-pass  drain  prevents  freezing  of  the  pump  during  cold  weather  in  the  event 
that  the  pump  stops.  The  water  requirements  of  the  concentrator  amount  to  about  320  gallons 
per  minute.  The  mill  water  is  not  reclaimed. 

Electric  power  is  purchased  from  the  Montana  Power  Co.  The  power  is  generated  at 
hydroelectric  plants  located  on  the  Missouri  River,  a  short  distance  from  Great  Falls.  It 
is  transmitted  to  the  property  at  23,000  volts,  and  it  is  stepped  down  to  440  volts  for  use 
in  the  mill  motors  of  3-hp.  or  larger.  The  small  motors  use  a  voltage  of  110  or  220. 

ORE  TREATED 

The  economic  metals  that  occur  in  the  ore  are  lead,  zinc,  silver,  and  gold.  The 
average  grade  of  the  ore  treated  for  the  year  1929  was  as  follows:  6.21  per  cent  of  lead, 
5.01  per  cent  of  zinc,  and  9.09  ounces  of  silver  per  ton.  The  ore  is  practically  all  sul¬ 
phide  in  character.  The  ore  minerals  are  galena,  sphalerite,  marmatite  (ferriferous  sphal¬ 
erite),  and  pyrite.  A  small  amount  of  copper  occurs  in  the  concentrates  as  cupriferous 
pyrite  and  chalcopyrite .  The  galena  and  sphalerite  carry  most  of  the  silver.  The  gangue 
consists  principally  of  altered  syenite  and  altered  rhyolite  with  subordinate  amounts  of 
calcite,  barite,  quartz,  rhodocrosite,  and  marcasite.  The  moisture  content  of  the  ore  as 
delivered  to  the  concentrator  averages  about  2.5  per  cent. 

The  ore  crushes  readily.  Fine  grinding  is  necessary  to  liberate  the  zinc  minerals 
which  are  more  or  less  interlocked  with  the  pyrite.  The  galena  is  coarsely  crystalline,  and 
the  classifier  return  to  the  rod  mill  shows  the  greater  part  of  the  galena  to  be  free  from 
gangue .  -  .  ^  ^ 

HISTORY  OF  CONCENTRATOR  OPERATIONS 

The  first  concentrator  in  the  district  of  75  tons  daily  capacity  was  built  in  1911, 
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Figure  !•-  Flow  sheet  of  crushing  pl^nt  and  mill 
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and  used  gravity  methods  of  concentration.  In  1911  this  mill  was  dismantled,  and  in  1920 
it  was  rebuilt  and  run  intermittently  until  1927  when  the  present  company  acquired  control  of 
the  principal  mines.  The  present  mill  of  400  tons  daily  capacity  was  designed  and  built  with 
an  all-flotation  flow  sheet.  Building  of  the  mill  was  started  on  May  17,  1928,  and  was  com¬ 
pleted  November  9,  1928.  With  the  exception  of  several  minor  mechanical  changes,  made  after 
the  mill  was  erected,  the  flow  sheet  is  essentially  the  same  as  first  designed. 

PRESENT  METHOD  OF  CONCENTRATION 

The  general  flow  sheet  of  the  concentrator  is  shown  in  Figure  1.  The  method  of 
flotation  used  is  a  selective  separation  of  the  lead  and  zinc  sulphides  in  the  original  pulp. 
Very  little  elevating  of  the  ore  or  pulp  is  necessary.  The  average  quantity  treated  per  24 
hours  in  1929  was  about  312  tons. 


Breaking  and  Crushing 

Breaking  and  crushing  cf  the  ore  is  done  at  the  mine.  All  the  ore  is  broken  under¬ 
ground  so  that  it  will  pass  through  an  8-inch  grizzly. 

The  mine  ore  is  delivered  into  a  two-compartment  bin  with  inclined  bottoms  lined 
with  steel  which  slope  two  ways.  The  capacity  of  each  side  of  the  bin  is  approximately  50 
tons.  Waste  rock  is  dumped  into  one  side  of  the  bin  and  ore  into  the  other. 

From  the  bin  the  ore  is  delivered  to  a  bar  grizzly  with  2-inch  spaces,  by  a  30  by 
50  inch  Stephens-Adamscn  pan  feeder  driven  by  a  3-hp.  motor.  At  the  feeder  a  sorter  removes 
pieoes  of  waste  rock  from  the  ore  and  drops  the  waste  into  a  bin  at  his  side.  Approximately 
30  per  cent  of  the  grizzly  feed  passes  through  as  undersize.  The  oversize  product  of  the 
grizzly  is  fed  to  a  15  by  24  inch  Blake-type  crusher.  The  crusher  has  manganese  steel  wear¬ 
ing  plates  and  is  driven  by  a  4C-hp.  motcr  operated  at  720  revolutions  per  minute.  The 
grizzly  undersize  and  the  Blake-crusher  product  are  delivered  by  gravity  to  an  18-inch  belt 
cenveyor  which  travels  300  feet  per  minute.  A  38-inch  Cutler-Hammer  magnet,  operating  at  17 
amperes  and  125  volts,  is  suspended  on  a  head  pulley  over  the  oonveyor  belt  to  remove  pieces 
of  tramp  iron.  The  conveyor  belt  discharges  on  a  St.  Joe  vibrating  screen  with  0.508-inch 
openings,  the  screen  oversize  feeding  a  4-foot  Symons  cone  crusher. 

The  Symons  crusher  is  direct  connected  to  a  100-hp.  alternating-current  motor 
making  514  revolutions  per  minute.  The  screen  undersize  and  the  product  from  the  cone  crush¬ 
er  are  delivered  by  gravity  to  a  rubber-surfaced  belt  conveyor  18  inches  wide  traveling  301 
feet  per  minute.  The  belt  conveyor  discharges  into  the  tramway  loading  bin  which  is  flat- 
bottomed  and  built  of  wood  and  has  a  capacity  of  250  tons,  "live"  load. 

Table  1  gives  screen  sizes  of  the  Symons-cone-crusher  feed  and  the  final  crushing- 
plant  product. 

The  aerial  tramway  which  conveys  the  crushing-plant  product  to  the  concentrator 
storage  bin  is  equipped  with  stationary  track  cable,  supporting  carriers,  and  has  a  capacity 
of  32.5  tons  of  ore  per  round  trip,  which  requires  37  minutes.  The  buckets  are  attached  and 
detached  from  the  carrier  rope  automatically,  although  supervision  is  required  for  spacing 
the  buckets  at  appropriate  intervals  at  both  terminals  and  for  loading  and  dumping  the  buck¬ 
ets.  The  traction  rope  is  below  the  carriers  and  the  grips  are  of  the  underhung  type. 
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The  mill  storage  bin  has  a  "live"  capacity  of  300  tons.  Ore  is  fed  from  this  bin 
to  the  grinding  mill  at  the  rate  of  13  tons  per  hour  by  a  24  by  38-inch  Stephens-Adamson 
pan  feeder.  The  feeder  discharges  onto  a  rubber  surfaced  conveyor  belt  inclined  at  an  angle 
of  10°  and  operated  at  a  speed  of  134  feet  per  minute.  The  ore  in  traveling  on  this  belt  is 
weighed  by  a  Biehler  automatic  weigher  which  registers  in  units  of  100  pounds. 

Grinding 

The  conveyor  belt  delivers  the  ore  to  an  Allis-Chalmers  rod  mill  6  feet  6  inches 
in  diameter  and  12  feet  1  inch  in  length,  operated  at  a  speed  of  18  revolutions  per  minute 
by  a  240-hp .  alternating-current  motor  making  1,200  revolutions  per  minute.  The  gear  reduc¬ 
tion  is  67  to  1.  The  rod  mill  is  operated  in  closed  circuit  with  an  8  by  30  foot  Dorr  duplex 
classifier,  making  21  strokes  per  minute.  The  amount  of  circulating  load  is  about  300  per 
cent.  Kanganese  steel  liners  are  used  in  the  rod  mill,  the  liner  consumption  amounting  to 
0.247  pound  per  ton  of  ore.  Rod  consumption  amounts  to  1 . S86  pounds  per  ton  of  ore. 

The  scoop  feeder  on  the  rod  mill  has  a  stellite  lip  about  1/8  inoh  thick  to  mini¬ 
mize  wear.  The  stellite  is  welded  to  the  lip  locally  by  means  of  an  acetylene  welding  torch. 

The  classifier  overflow  which  comprises  the  flotation  feed  contains  23  per  cent  of 
solids  and  is  pumped  by  a  4-inch  Wilfley  pump  to  an  8  by  8  foot  wooden  conditioning  tank 
equipped  with  a  Denver  agitating  mechanism. 

Table  1  gives  screen  sizes  of  rod-mill  feed  and  discharge  products,  and  classifier 
sand  and  overflow  products. 


Flotation  Lead  Circuit 

From  the  lead-circuit  conditioning  tank  the  pulp  goes  to  an  8-cell,  24-inch, 
Fahrenwald  Denver  Sub-A  flotation  machine  with  the  cells  arranged  in  series.  The  first  two 
cells  make  finished  lead  concentrates  and  the  other  six  cells  make  middlings  and  tailings. 
The  middlings  go  to  a  12-foot  St.  Joe  flotation  machine  operating  as  a  cleaner  unit  and  the 
tailings  to  a  36-foot  St.  Joe  machine  used  as  a  scavenger.  The  concentrate  from  the  cleaner 
is  a  finished  lead  product.  The  tailings  from  the  cleaner  are  returned  to  the  Fahrenwald 
cells  by-passing  the  lead-circuit  conditioning  tank.  The  froth  from  the  scavenger  unit  is 
also  returned  to  the  Fahrenwald  cells.  The  tailings  from  the  scavenger  cells  go  to  the  con¬ 
ditioning  tanks  at  the  head  of  the  zinc  circuit. 

Each  of  the  Fahrenwald  cells  is  equipped  with  a  5-hp.  alternating-current  motor 
connected  to  the  impeller  shaft  by  a  Texrope  drive  and  making  1,150  revolutions  per  minute. 

The  St.  Joe  flotation  cells  operate  on  the  bubble  column  principle.  The  air  neces¬ 
sary  to  form  the  bubble  column  in  the  36-foot  scavenger  and  12-foot  cleaner  is  supplied  by  a 
centrifugal  blower  direct  connected  to  a  27-hp.  alternating-current  motor  making  3,500  revo¬ 
lutions  per  minute.  The  capacity  of  the  blower  is  4,200  cubic  feet  of  air  per  minute  under 
a  pressure  of  0.8  pound  per  square  inch.  A  decided  advantage  in  the  use  of  the  scavenger 
machine  is  its  ability  to  function  as  a  safety  valve  in  the  event  that  something  goes  wrong 
in  the  circuit  ahead  of  the  machine.  The  scavenger  machine  will  continue  to  discharge  a 
clean  tailings  product,  even  if  it  is  heavily  overloaded  fob  20  minutes. 

A  peculiar  condition  noted  in  the  wear  of  flotation  equipment  is  that  the  impellers 
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of  the  lead-circuit  flotation  cells,  the  impellers  of  the  conditioning  tank,  and  the  aerating 
pipes  in  the  scavenger  cells  wear  out  much  faster  than  similar  equipment  of  the  zinc  circuit. 
The  impellers  of  the  lead  flotation  cells  handled  110,350  tons  of  ore  while  the  impellers  of 
the  zinc  flotation  cells  up  to  June  1,  1930,  had  handled  160,500  tons  and  appear  to  be  good 
for  about  40,000  tons  more. 

The  selective  problem  presented  in  the  flotation  treatment  of  this  ore  is  three¬ 
fold;  the  separation  of  the  lead  and  zino  minerals,  the  recovery  of  the  cupriferous  pyrite 
with  its  accompanying  silver,  and  the  rejection  of  the  marcasite  and  most  of  the  pyrite  which 
is  low  in  silver. 

The  amounts  and  kind  of  reagents  added  to  the  pulp  in  the  conditioning  tank  at  the 
head  of  the  lead  circuit  are  as  follows; 


Reagent 

Pounds  per  ton  of  ore  treated 

Soda  ash . 

1.466 

Sodium  cyanide . 

0.0616 

Sodium  sulphite . 

0.1818 

Cresylic  acid . 

0.1826 

Potassium  xanthate 

0.0246 

No  reagents  are  added  to  the  lead  circuit  in  addition  to  those  introduced  in  the 
conditioner  as  the  amount  of  reagents  added  to  the  pulp  in  the  conditioning  tank  is  suffi¬ 
cient  to  complete  the  cleaning  operation. 

Soda  ash  is  added  as  the  alkaline  reagent.  It  improves  the  froth  and  tends  to  make 
cleaner  concentrates. 

Sodium  cyanide  is  used  as  a  depressant  for  the  marcasite  and  pyrite. 

Sodium  sulphite  is  used  as  a  zinc  depressant.  An  excess  of  this  reagent  in  the 
circuit  has  no  appreciable  effect  on  the  appearance  of  the  froth  or  on  the  recovery  of  the 
lead. 


Cresylic  acid  is  used  as  a  frothing  agent.  The  appearance  of  the  froth  changes 
with  the  lead  content  of  the  heads,  and  the  amount  of  cresylic  acid  is  increased  or  decreased 
to  take  care  of  this  variation. 

Potassium  xanthate  is  used  principally  as  a  collector. 

When  the  mill  was  first  started  zinc  sulphate  and  sodium  cyanide  were  used  to  de¬ 
press  the  zinc  in  the  lead  circuit.  The  change  from  zinc  sulphate  to  sodium  sulphite  re¬ 
sulted  in  lowering  the  zinc  content  of  the  lead  concentrates  from  6-1/2  to  7  per  cent  down 
to  4  to  4-1/2  per  cent.  Lead  concentrates  containing  about  62  per  cent  of  lead  have  been 
found  to  yield  the  maximum  economic  recovery  of  silver  in  the  lead  concentrates. 

Table  1  gives  the  screen  sizes  of  heads  to  the  lead  flotation  circuit  and  also 
screen  sizes  of  the  lead  concentrates.  Table  2  gives  a  screen-assay  analysis  of  feed  to  the 
flotation  lead  circuit.  Table  3  gives  the  lead,  zinc,  and  iron  contents  of  the  individual 
rougher-cell  concentrates,  the  cleaner-unit  products,  and  the  scavenger-machine  feed  and 
tailing  products  of  the  lead  circuit. 
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Flotation  Zinc  Circuit 

The  tailings  product  from  the  lead  scavenger  unit  which  is  the  feed  to  the  zinc 
flotation  oircuit  goes  to  two  wooden  conditioning  tanks  operating  in  series,  each  10  feet  in 
diameter,  10  feet  high,  and  each  equipped  with  a  Denver  agitating  device.  In  the  first  con¬ 
ditioner  lime  is  added,  and  in  the  second  pine  oil,  potassium  xanthate,  and  copper  sulphate. 

The  flotation  cells  of  the  zinc  circuit  are  identical  with  those  of  the  lead  cir¬ 
cuit  . 


From  the  second  conditioning  tank  the  pulp  passes  to  a  Fahrenwald  machine  with  8 
cells  arranged  in  series.  These  cells  make  three  products:  Finished  concentrates  from  the 
first  three  cells,  middlings  from  the  last  five  cells,  and  tailings.  The  middlings  froth 
goes  to  a  12-foot  St.  Joe  cleaner  which  makes  finished  concentrates  and  tailings.  The  tail¬ 
ings  are  returned  to  the  first  Fahrenwald  cell.  The  tailings  from  the  Fahrenwald  cells  go 
to  a  36-foot  St.  Joe  scavenger  machine  which  makes  a  middlings  froth  which  is  returned  to  the 
head  of  the  Fahrenwald  cells  and  tailings  which  go  to  waste. 

The  only  dilution  of  the  pulp  in  the  zinc  circuit  is  from  the  water  added  to  the 
concentrates  launders  and  returned  to  the  circuit  by  the  filtrate  pump.  Diluting  water  is 
kept  as  low  as  possible.  The  amount  and  kind  of  reagents  added  to  the  pulp  in  the  condition¬ 
ing  tanks  ahead  of  the  zinc  circuit  are  as  follows; 


ReaKent 

Pounds  per  ton  of  ore  treated 

First  conditioning  tank; 

Lime . 

3.337 

Second  conditioning  tank: 

Pine  oil . 

0.125 

Potassium  xanthate.. 

0.0399 

Copper  sulphate . 

1.210 

Lime  is  used  as  a  depressant  for  the  marcasite  and  pyrite. 

Pine  oil  is  used  as  the  frothing  agent. 

Potassium  xanthate  is  used  as  a  froth  stiffener  and  as  a  collector.  In  the  zinc 
circuit  the  xanthate  is  very  sensitive;  a  deficiency  increases  the  zinc  content  of  the  tail¬ 
ings  and  an  excess  produces  concentrates  of  high  iron  content.  An  excess  of  pine  oil  will 
also  increase  the  amount  of  iron  in  the  concentrates.  An  increase  in  the  amount  of  xanthate 
added  necessitates  an  increase  in  the  amount  of  pine  oil. 

Copper  sulphate  is  the  reactivating  agent  for  the  zinc  minerals  which  have  been 
temporarily  depressed  in  the  lead  oircuit. 

Table  1  gives  screen  sizes  of  the  zinc-flotation  concentrates  and  the  final  con¬ 
centrator  tailings. 

Table  2  gives  a  screen-assay  analysis  of  the  final  concentrator  tailings. 
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Figure  2. -Reagent  feeder 
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Table  3  gives  the  lead,  zinc,  and  iron  contents  of  the  individual  rougher-cell  con¬ 
centrates,  the  cleaner-unit  products,  and  the  scavenger-machine  products  of  the  zinc  section. 

Conditioning  of  Pulp  and  Feeding  of  Reagents 

All  the  reagents  used  are  added  to  the  conditioning  tanks  as  solutions,  except  the 
soda  ash  added  to  the  lead  circuit  and  the  lime  added  to  the  zinc  circuit.  The  soda  ash  and 
lime  are  fed  uniformly  at  the  rate  of  19  and  43-1/2  pounds  per  hour,  respectively,  by  con¬ 
veyor-belt  feeders  each  driven  by  a  1/4-hp.  motor.  The  rate  at  which  the  reagents  are  fed 
from  hoppers  onto  the  conveyor  belts  is  controlled  by  a  cone  drive  and  a  gate  at  the  dis¬ 
charge  end  of  the  hoppers.  All  reagents  for  the  flotation  of  lead,  except  cyanide,  are  added 
to  the  lead  conditioner  through  a  stationary  column  12  inches  in  diameter  and  5  feet  4  inches 
long.  The  feed  to  the  conditioner  also  enters  through  this  column.  The  cyanide  is  added  to 
the  conditioner  outside  the  column  in  order  that  the  sodium  sulphite  will  have  the  first 
action  on  the  sphalerite  as  cyanide  has  a  tendency  to  float  sphalerite.  By  omitting  the 
cyanide  entirely,  lead  concentrates  assaying  about  45  per  cent  of  lead  and  2.7  per  cent  of 
zinc  are  produced.  The  time  of  conditioning  pulp  for  the  lead  circuit  is  5  minutes. 

As  previously  noted,  two  conditioning  tanks,  operating  in  series,  are  used  in  the 
zinc  circuit.  With  these  conditioners  in  series,  sufficient  time  is  given  for  the  condition¬ 
ing  of  the  pulp,  and  the  use  of  an  excessively  large  unit  is  avoided.  The  conditioning  time 
for  the  pulp  of  the  zinc  circuit  is  30  minutes.  The  impeller  in  each  conditioning  tank  is 
driven  by  a  Texrope  drive  from  a  5-hp.  motor. 

All  liquid  reagents,  except  copper  sulphate,  are  fed  by  the  reagent  feeder  shown 
in  Figures  2  and  3. 

The  operation  and  control  of  this  reagent  feeder  are  as  follows:  Referring  to 
Figure  2,  the  pulley  A  on  the  drive  shaft  B  actuates  the  rods  C,  which  are  eccentrically 
connected  to  either  end  of  the  drive  shaft.  The  length  of  the  eccentric  arms  at  the  ends  of 
the  drive  shaft  and  the  ratio  of  the  motor  and  drive  shaft  pulleys  are  such  that  the  rods  C 
lift  the  board  D  to  which  they  are  attached  about  10  inches,  16  times  per  minute.  To  the 
beard  D  are  fastened  the  straps  E.  At  the  lower  end  of  each  strap  a  small  iron  cup  is  pivot¬ 
ed  as  shown  in  greater  detail  in  Figure  3.  To  each  cup  is  secured  a  small  iron  rod  F  which 
slides  upon  the  rod  G  as  the  cup  is  raised  and  lowered.  The  angle  of  tip  of  each  cup  de¬ 
termines  the  quantity  of  solution  emptied  into  the  launder  each  time  the  cup  is  raised.  The 
angle  of  tip  is  adjusted  by  the  nut  R  attached  to  each  strap. 

The  rods  I  of  Figure  2  are  attached  to  the  ends  of  the  board  D  and  the  rocker  arms 
J.  To  the  other  end  of  each  rocker  arm  a  rope  is  attached  with  a  perforated  pail  tied  to  the 
free  end  of  each  rope.  As  the  board  D  moves  up  and  down  the  rocker  arms  move  the  pails  which 
are  suspended  in  the  mixing  barrels  K.  The  mixing  device  serves  to  mix  thoroughly  the  sodium 
cyanide,  potassium  xanthate,  and  sodium  sulphite  solutions  before  they  are  pumped  to  the 
reagent  feeder  by  1/2-inch  rotary  pumps. 

The  control  of  the  amount  of  reagents  is  easily  adjustable,  and  the  device  is  accu¬ 
rate  and  reliable.  The  feeder  is  driven  by  a  3-hp.  motor. 

The  feeding  of  the  copper  sulphate  as  shown  in  Figure  4  is  done  from  a  wooden  bar¬ 
rel,  which  contains  the  solid  salt  and  through  which  a  controlled  volume  of  water  flows  giv¬ 
ing  a  saturated  solution  at  all  times.  The  water  feed  to  the  barrel  is  controlled  by  the  re¬ 
agent  feeder  of  Figures  2  and  3. 
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This  method  of  feeding  copper  sulphate  has  been  found  satisfactory,  and  due  to  the 
even  temperature  maintained  in  the  mill  by  the  heating  system  there  is  little  tendency  for 
the  saturated  solution  to  crystallize  before  reaching  the  conditioning  tank. 

All  reagents  are  added  to  the  conditioning  tanks  from  the  central  floor,  thus  giv¬ 
ing  control  of  the  entire  plant  from  one  point. 

SAMPLING  AND  MILL  CONTROL 

Samples  of  the  rod-mill  feed,  the  heads  of  the  lead  and  zinc  circuits,  and  the  mill 
tailings  from  the  zinc-scavenger  unit  are  taken  by  Geary  samplers  operated  by  an  electrically 
controlled  mechanism.  The  rod-mill  sample  is  taken  principally  for  the  determination  of 
moisture  in  the  ore,  although  it  is  also  used  as  a  check  on  the  heads  sample.  The  sample 
cuts  are  taken  simultaneously  every  20  minute^s,  by  all  four  samplers.  The  samples  thus  taken 
are  combined  into  four  composite  samples  for  each  shift  and  assayed  for  lead,  zinc,  and  iron. 
The  mill-tailings  samples  are  not  assayed  for  iron. 

Pipe  samples  are  taken  of  the  lead  and  zinc  concentrates.  After  weighing  each 
hopper  load  of  concentrates  the  weigher  takes  a  pipe  sample.  A  hopper  load  of  lead  concen¬ 
trates  weighs  about  4,000  pounds,  and  one  of  the  zinc  concentrates  weighs  about  3,000  pounds. 
The  pipe  samples  are  combined  into  composite  samples  for  each  class  of  concentrates  for  each 
shift.  The  zinc-concentrates  composite  samples  are  assayed  for  insoluble  matter  as  well  as 
lead,  zinc,  and  iron. 

In  addition  to  the  samples  mentioned  the  mill  operations  are  controlled  by  the  use 
of  three  18  by  40  inch  Wilfley  pilot  tables,  which  continuously  treat  a  portion  of  the  tail¬ 
ings  from  the  lead-scavenger  cells,  the  concentrates  from  the  zinc-cleaner  cells,  and  the 
mill  tailings  from  the  zinc-scavenger  unit. 

Each  pilot  table  is  driven  by  a  1/4-hp.  motor.  The  use  of  the  small  concentrating 
tables  as  continuous  vanning  plaques  furnishes  a  continuous  visual  check  on  the  mill  opera¬ 
tions  . 

The  standard  La  Motte  comparator  is  used  for  the  determination  of  alkalinity  -  or, 
moie  accurately,  for  the  determination  of  pH  values.  Thymol  blue  is  used  in  the  lead  circuit 
and  bromothymol  blue  for  the  mill  water.  The  pH  value  of  the  mill  water  is  7.6,  that  of  the 
pulp  in  the  conditioner  ahead  of  the  lead  circuit  is  8.4,  and  the  pH  value  of  the  tailings 
pulp  is  approximately  11.0. 

The  control  of  the  lead  and  zinc  circuits  is  not  restricted  to  pH  readings  but  is 
based  largely  on  the  appearances  of  the  froths,  and  the  use  of  vanning  plaques.  The  flota¬ 
tion  operators  have  become  proficient  in  handling  the  circuits  by  visual  inspection,  and  the 
changing  of  the  amounts  of  reagents  is  largely  left  to  their  judgment. 

FILTERING 

Finished  concentrates  products  are  produced  in  the  lead  circuit  by  the  first  two 
Fahrenwald  cells  and  the  St.  Joe  cleaner  unit. 

On  the  zinc  side  the  first  three  Fahrenwald  cells  and  the  St.  Joe  cleaner  unit  pro¬ 
duce  finished  concentrates. 
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In  both  the  lead  and  zinc  circuits  the  finished  concentrates  are  sent  to  a  Dorrco 
filter,  8  feet  in  diameter  and  14  feet  long  driven  by  a  5-hp.  motor.  The  material  used  for 
the  filtering  medium  is  Palma  twill,  style  31,  made  by  the  Filter  Fabrics  Corporation.  Each 
filter  has  336  square  feet  of  filtering  area.  On  the  lead  filter  the  average  life  of  the 
filter  cloth  is  about  five  weeks  and  on  the  zinc  side  about  three  weeks.  The  shorter  life  of 
the  cloth  on  the  zinc  side  is  due  to  the  fact  that  the  cloth  blinds  more  rapidly  on  the  zinc 
side . 


The  filter  cake  is  dewatered  by  suction  before  it  reaches  the  discharge  point  at 
the  top  of  the  drum.  A  pulsating  valve  at  the  top  of  the  drum  automatically  reverses  from 
suction  to  compression  three  times  while  the  cake  passes  the  top  section.  The  pulsations 
discharge  the  cake  onto  a  conveyor  belt.  Constant  use  of  the  filter  tends  to  clog  the  pores 
in  the  cloth  with  slimes.  This  is  overcome  by  using  live  steam  an  average  of  about  an  hour 
each  day.  The  steam  is  admitted  through  the  blow  connections  and  the  blow  is  cut  off  at  this 
time.  The  steam  tends  to  loosen  the  pores  in  the  filter  cloth  and  to  force  out  the  slimes 
that  have  collected  in  them. 

The  vacuum  for  each  filter,  equal  to  21  inches  of  mercury,  is  supplied  by  an  Inger- 
soll  Rand,  22  by  8  inch,  belt-driven  vacuum  pump.  The  pressure  used  for  freeing  the  filter 
cake  from  the  cloth  is  5  pounds  per  square  inch.  Each  vacuum  pump  is  driven  by  a  30-hp. 
motor  operating  at  1,165  revolutions  per  minute.. 

The  moisture  content  of  the  lead  and  zinc  filter  cakes  is  7  and  9  per  cent,  re¬ 
spectively. 


The  filtrate  on  the  lead  side  is  returned  to  the  head  of  the  Fahrenwald  cells,  and 
the  filtrate  on  the  zinc  side  is  returned  to  the  fourth  Fahrenwald  cell. 

WEIGHING  AND  LOADING  OF  CONCENTRATES 

The  lead  and  the  zinc  concentrates  are  conveyed  by  the  traveling  belt  inside  of 
each  filter  drum  to  the  weighing  hoppers.  Each  hopper  is  connected  to  Howe  scales  for  weigh¬ 
ing  the  concentrates  before  shipment.  Each  hopper  is  equipped  with  a  1/4-inch  sheet-iron 
partition  as  shown  in  Figure  5  so  that  when  the  hopper  is  dumped  at  either  side,  the  concen¬ 
trates  fall  by  gravity  to  either  of  two  bins  for  each  class  of  concentrates.  Each  bin  com¬ 
partment  has  an  inclined  bottom  lined  with  sheet  iron,  and  will  hold  105,000  pounds  of  zinc 
concentrates  or  88,000  pounds  of  lead  concentrates. 

The  zinc  concentrates  are  shipped  in  bottom-dump,  steel  railroad  cars,  and  the 
lead  concentrates  in  box  cars.  The  box  cars  are  used  so  that  they  may  be  utilized  for  a  re¬ 
turn  haul  with  mill  supplies.  The  box  cars  are  loaded  by  means  of  a  Stephens-Adamson  box-car 
loader.  With  this  loader  the  lead  concentrates  are  run  by  gravity  into  the  hopper  on  the 
machine  and  are  thrown  tangentially  off  an  endless  belt  driven  by  a  small  motor  and  Texrope 
drive.  The  carrying  surface  of  the  belt  travels  in  a  concave  curve  over  rollers,  and  as  the 

load  on  the  belt  travels  around  the  curve  formed  by  the  belt,  the  speed  of  travel  throws  the 

material  to  the  end  of  the  car.  The  discharge  angle  of  the  belt  can  be  varied  to  pile  the 

material  to  any  height.  A  box  car  can  be  loaded  with  this  machine  in  about  two  hours. 

TAILINGS  DISPOSAL 

The  tailings  are  pumped  to  a  pond  through  1,400  feet  of  4-inch  standard  iron  pipe 
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by  a  4-inch  centrifugal  pump  direct  connected  to  a  30-hp .  motor  making  1,160  revolutions  per 
minute.  The  delivery  pipe  is  laid  on  oil  barrels  or  2  by  6  inch  crossed  timbers,  along  the 
crest  of  the  tailings  pond  which  is  located  in  a  shallow  swale.  A  T-fitting  is  placed  at 
the  junction  of  each  16-foot  length  of  pipe.  In  the  open  end  of  each  T-fitting  a  4  by  1 
inch  reducer  is  fitted,  through  which  the  tailings  are  diverted  into  the  pond.  By  plugging 
the  1-inch  holes  and  by  means  of  valves  placed  at  intervals  along  the  delivery  line,  the  tail 
ings  can  be  directed  to  any  portion  of  the  pond.  The  crest  of  the  pond  is  built  up  continu¬ 
ously  with  tailings  shoveled  by  hand.  The  excess  water  is  drained  off  through  box  launders 
underneath  the  pond. 

LABOR 

The  mill  labor  is  composed  entirely  of  American-born  men,  who  are  efficient  and 
steady.  All  mill  work  is  done  on  company  account  and  the  wage  scale  for  the  principal  class¬ 
ifications  of  employees  as  of  April,  1930,  was  as  follows: 


Crusherman .  $5.50 

Rod-mill  operator .  5.00 

Flotation  operator .  5.50 

Filterman .  4.50 

Sampler  and  reagent  mixer  5.00 

Loader .  4.50 

Tramway  operator .  4.50  to  5.00 

Tailings-pond  man .  4.50 


TABLES 

Table  1  gives  screen  sizes  of  Symons  cone-crusher  feed,  concentrator  feed,  inter¬ 
mediate  and  final  concentrator  products.  Table  2  gives  screen-assay  analyses  of  flotation 
feed  and  flotation-tailings  products.  Table  3  gives  the  lead,  zinc  and  iron  contents  of  con¬ 
centrates  produced  by  the  individual  rougher  cells  and  also  the  lead,  zinc,  and  iron  contents 
of  cleaner  and  scavenger  unit  products  for  both  the  lead  and  zinc  circuits. 

Table  4  shows  metallurgical  data  for  the  year  1929.  Table  5  gives  average  assays 
of  concentrator  heads  and  final  products  and  the  percentage  distribution  of  the  silver,  lead, 
and  zinc  in  concentrator  final  products  for  the  year  1929.  Table  6  shows  cost  summaries  in 
units  of  labor,  power  and  supplies  for  the  year  1929. 
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Table  2. —  Screen-assay  analyses  of  typical  flotation  feed  and  tailings 

FLOTATION  FEED  TO  LEAD  CIRCUIT 


Screen  size, 

mesh 

Weight, 
pounds  in 

100 

Analyses, 

per  cent 

Weight  of  metals, 

pounds 

Per  cent 

of  total 

Lead 

Zinc 

Lead 

Zinc 

Lead 

Zinc 

Composite  feed.. 

100.0 

6.90 

3.79 

6.899 

3.790 

100.0 

100.0 

On  48 . 

1.1 

0.79 

0.56 

0.009 

0.006 

0.1 

0.2 

On  65 .  . 

9.0 

1.63 

1.12 

0.147 

0.101 

2.1 

2.6 

On  80 . 

4.4 

1.29 

1.28 

0.057 

0.056 

0.8 

1.4 

On  100 . 

10.3 

1.60 

2.50 

0.165 

0.258 

2.4 

6.8 

On  150 . 

14.1 

1.84 

4.75 

0.259 

0.670 

3.8 

17.8 

On  200 . . 

13.6 

3.50 

5.00 

0.476 

0.680 

6.9 

17.9 

Through  200  . 

47.5  12.18 

4.25 

5.786 

2.019 

83.9 

53.3 

FLOTATION  TAILINGS 


Screen  size, 

mesh 

Weight , 
pounds  in 

100 

Analyses, 

per  cent 

Weight  of  metals, 

pounds 

Per  cent 

of  total 

Lead 

Zinc 

Lead 

Zinc 

Lead 

Zinc 

Composite 

tailings 

100.0 

0.31 

0.34 

0.314 

0.343 

100.0 

100.0 

On  48 

2.2 

0.16 

0.22 

0.004 

0.005 

1.3 

1.5 

On  65 . 

11.7 

0.27 

0.40 

0.032 

0.047 

10.2 

13.7 

On  80 . 

4.9 

0.30 

0.48 

0.015 

0.024 

4.8 

7.0 

On  100 . 

11.2 

0.31 

0.28 

0.035 

0.031 

11.1 

9.1 

On  150  . 

14.8 

0.27 

0.48 

0.040 

0.071 

12.7 

20.8 

On  200 . 

13.8 

0.25 

0.30 

0.035 

0.041 

11.2 

11.7 

Through  200 

41.4 

0.37 

0.30 

0.153 

0.124 

48.7 

36.2 

1 
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Table  3 . — Analyses  of  flotation  products  under  normal  operating  conditions 


Product 

Analyse 

Lead 

}s,  per 

Zinc 

cent 

I  ron 

No.  1  lead-cell  concentrates 

72.8 

2.9 

3.8 

No.  2  lead-cell  concentrates 

68.2 

3.75 

5.1 

No.  3  lead-cell  concentrates 

51.0 

7.1 

10.7 

No.  4  lead-cell  concentrates 

37.6 

8.8 

14.8 

No.  5  lead-cell  concentrates 

20.6 

10.55 

21.3 

No.  6  lead-cell  concentrates 

14.0 

11.25 

24.0 

No.  7  lead-cell  concentrates 

10.2 

11.65 

24.7 

No.  8  lead-cell  concentrates 

9.0 

11.6 

24.2 

Lead-scavenger  feed 

0.50 

4.2 

11.3 

Lead-scavenger  tailings  . 

0.35 

4.05 

10.5 

Lead-cleaner  concentrates . 

59.8 

7.10 

7.3 

Lead-cleaner  tailings 

8.08 

13.55 

18.5 

No.  1  zinc-cell  concentrates 

1.10 

50.8 

6.0 

No.  2  zinc-cell  concentrates 

1.29 

50.8 

6.2 

No.  3  zinc-cell  concentrates 

1.47 

48.2 

7.0 

No.  4  zinc-cell  concentrates 

1.65 

36.0 

10.0 

No.  5  zinc-cell  concentrates 

1.94 

38.8 

9.8 

No.  6  zinc-cell  concentrates 

2.77 

40.4 

9.0 

No.  7  zinc-cell  concentrates 

2.57 

40.0 

10.8 

No.  8  zinc-cell  concentrates 

2.84 

28.1 

11.4 

Zinc-scavenger  feed . 

0.20 

0.7 

- 

Zinc-scavenger  tailings . 

0.14 

0.38 

- 

Zinc-scavenger  concentrates 

0.57 

3.8 

- 

Zinc-cleaner  concentrates 

1.86 

50.2 

6.8 

Zinc-cleaner  tailings  . 

2.2 

9.4 

- 
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Table  4. —  Metallurgical  data  for  the  year  1929 


Total  ore  treated,  dry  tons . 

Moisture  in  ore  to  mill,  per  cent . 

Hours  operated  per  day  .  . 

Days  operated .  . 

Average  ore  treated  per  24  hours,  tons . 

Total  concentrates  produced,  dry  tons . 

Average  lead  concentrates  produced  per  24  hours,  dry  tons 
Average  zinc  concentrates  produced  per  24  houhs,  dry  tons 


106,537 

2.51 

24 

341.52 

311.85 

18,762.22 

30.296 

24.641 


Per 

cent 

of 

total 

lead 

in 

lead 

concentrates. 

Per 

cent 

of 

total 

lead 

in 

zinc 

concentrates. 

Per 

cent 

of 

total 

lead 

floated 

95.46 

1.48 

96.94 


Per 

cent 

of 

total 

zinc 

in 

zinc 

concentrates 

Per 

cent 

of 

total 

zinc 

in 

lead 

concentrates. 

Per 

cent 

of 

total 

zinc 

floated. 

80.76 

11.08 

91.84 


Per  cent  of  total 
Per  cent  of  total 
Per  cent  of  total 


silver  in  lead  concentrates 
silver  in  zinc  concentrates 
silver  floated . 


53.61 

26.81 

80.42 


Ratio  of  concentration,  lead  section . 

Ratio  of  concentration,  zinc  section . 

Net  water  consumption  per  ton  of  ore,  tons . 

Average  solids  in  lead-circuit  pulp,  per  cent . 

Average  time  of  conditioning  in  lead  circuit,  minutes. 
Average  time  of  conditioning  in  zinc  circuit,  minutes. 

Average  temperature  of  lead-circuit  pulp,  degrees  F 

Average  temperature  of  zinc-circuit  pulp,  degrees  F 

Rod  consumption  per  ton  of  ore,  pounds . 

Liner  consumption  per  ton  of  ore,  pounds . 


10.29 

12.65 

6 

23 

5 

30 

35 

40 

1.986 

0.247 


Table  5 . — Average  assays  and  distributions  of  silver. _ lead  and  zinc 

in  final  concentrator  products  for  year  1929 


Assays 

Per  cent 

of  total  metals 

Product 

Gold, 

Silver, 

ounces 

ounces 

Lead, 

Zinc , 

Silver 

Lead 

Zinc 

per  ton 

per  ton 

per  cent 

per  cent 

Heads . 

- 

9.09 

6.21 

5.01 

100.00 

100.00 

100.00 

Lead  concentrates 

0.049 

50.19 

61.06 

5.71 

53.61 

95.46 

11.08 

Zinc  concentrates.. 

0.022 

30.86 

1.17 

51.20 

26.81 

1.48 

80.76 

Tailings . 

- 

2.15 

0.23 

0.49 

19.58 

3.06 

8.16 
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Table  6. — Summary  of  costs  in  units  of  labor,  power  and  supplies  for  year  1929 


Tons  of  dry  ore  treated:  106,537. 

Dry  tons  of  concentrate  produced:  18,762.22. 


Labor  (tons  per  man  per  8-hour  shift) 

Crushing  and  sorting . 78.789 

Grinding . 104. 141 

Flotation .  104.141 

Filtering .  J.04.141 

Weighing  and  loading .  156.212 

Sampling  and  mixing  reagents  . 312.425 

Maintenance . 156 . 212 

Superyision . 312 . 425 

Assaying . 156 . 212 

Warehouse . 312 . 425 

Tailings  pond . 156.212 

Power  (kw.h.  per  ton  of  ore  treated) 

Crushing  . 2.682 

Grinding . 11 . 174 

Flotation . , . 11 . 514 

Filtering . . 4.  Ill 

Miscellaneous .  1  609 

Total . 31.090 

Reagents  (pounds  per  ton  of  original  ore  treated) 

Sodium  carbonate . .  1.466 

Sodium  cyanide . 0.0616 

Sodium  sulphite . 0.1818 

Potassium  xanthate . . 0.0754 

Cresylic  acid . . 0.1826 

Pine  oil . 0.1250 

Lime . 3.337 

Copper  sulphate . 1.210 

Miscellaneous 

Rods  (pounds  per  ton) . 1.986 

Liners  (pound  per  ton) . 0.247 
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Table  6. 


i 


— Summary  of  costs  in  units  of  labor,  power  and  supplies  for  year  1929 

Tons  of  dry  ore  treated:  106,537. 

Dry  tons  of  concentrate  produced:  18,762.22. 


Labor  (tons  per  man  per  8-hour  shift) 

Crushing  and  sorting . 78.789 

Grinding . 104. 141 

Flotation .  104.141 

Filtering . 104. 141 

Weighing  and  loading .  156.212 

Sampling  and  mixing  reagents  . 312.425 

Maintenance . 156.212 

Superyision . 312 . 425 

Assaying . 156 . 212 

Warehouse . . 312 . 425 

Tailings  pond . 156.212 

Power  (kw.h.  per  ton  of  ore  treated) 

Crushing . 2.682 

Grinding . 11 . 174 

Flotation . 11 . 514 

Filtering . 4.  Ill 

Miscellaneous .  1  609 

Total . 31.090 

Reagents  (pounds  per  ton  of  original  ore  treated) 

Sodium  carbonate . 1.466 

Sodium  cyanide . 0.0616 

Sodium  sulphite . 0.1818 

Potassium  xanthate . . 0.0754 

Cresylic  acid . 0.1826 

Pine  oil . 0.1250 

Lime . . 3.337 

Copper  sulphate . 1.210 

Miscellaneous 

Rods  (pounds  per  ton) . 1.986 

Liners  (pound  per  ton) . 0.247* 
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Figure  3rDetails  of  reagent  feeder 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


MINING,  CRUSHING,  AND  GRINDING  METHODS  AND  COSTS  AT  THE  RELIANCE 
CEMENT-ROCK  QUARRY  OF  THE  GIANT  PORTLAND  CEMENT  CO.,  EGYPT,  PA.^ 

By  S.  G.  McAnally^ 

INTRODUCTION 

This  is  one  of  a  series  of  papers  desoribing  mining  and  crushing  methods  and  costs 
at  cement  plant  quarries  throughout  the  United  States  and  deals  directly  with  the  methods 
employed  and  costs  obtained  at  the  Reliance  quarry  of  the  Giant  Portland  Cement  Co.  at 
Egypt,  Pa.,  although  it  is  more  or  less  descriptive  of  the  methods  used  throughout  the 
Lehigh  Valley  cement  district.  Systems  of  transportation  vary  according  to  local  conditions, 
such  as  proximity  to  the  mill,  depth  of  quarry  floor  with  relation  to  the  mill  level,  etc. 
Methods  of  prospecting  differ  mainly  in  the  type  of  drills  used.  Systems  of  storage,  crush¬ 
ing,  and  grinding  vary  chiefly  in  the  types  of  units. 

ACKNOWLEDGMENTS 

Most  of  the  information  regarding  the  early  history  of  the  Lehigh  cement  district 
was  obtained  from  the  History  of  the  Portland  Cement  Industry  of  the  United  States,  by  Robert 
W.  Lesley,  the  first  president  of  the  Portland  Cement  Association.  The  writer  is  indebted 
also  to  Charles  Clader,  Giant  Portland  Cement  Co.  quarry  superintendent,  for  valuable  in¬ 
formation  regarding  present  and  past  methods  and  equipment. 

Some  information  on  the  geology  of  the  district  has  been  gleaned  from  Prof. 
Benjamin  L.  Miller's  report  on  the  limestones  of  Pennsylvania.  Other  statements  regarding 
the  geology  are  based  on  personal  observation  and  on  the  interpretation  of  the  analyses  of 
samples  of  rock  from  numerous  test  holes  drilled  over  a  large  area. 

HISTORY 

The  Lehigh  Valley  cement  district  was  discovered  and  brought  into  being  through 
the  need  of  cement  mortar  in  the  construction  of  artificial  waterways  before  the  advent  of 
the  railroads. 

About  1830  a  small  cement  plant  was  built  on  the  Lehigh  Canal  at  Seigfried's 
Bridge,  under  the  ownership  of  Gen.  J.  K.  Seigfried,  one  of  the  pioneers  of  the  industry. 
The  natural  cement  manufactured  was  used  largely  in  the  construction  of  the  Lehigh  Coal  and 
Navigation  Co.'s  canal  from  the  coal  regions  to  Easton,  Pa.  Other  cement  plants  followed 
and  the  success  of  the  natural-cement  works  in  the  Lehigh  district  led  to  the  establishment, 
in  the  eighties,  of  a  plant  at  Egypt,  Pa. 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 

"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6448." 

Z  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines  and  chief  chemist.  Giant  Portland  Cement  Co. 
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The  Giant  Portland  Cement  Co.,  originally  the  American  Cement  Co.,  was  organized 
in  1883.  In  1898  the  company  was  operating  four  plants  in  the  vicinity  of  Egypt.  The  kilns 
used  were  the  upright,  intermittent  type,  but  in  the  latter  year  rotary  kilns  60  feet  long 
were  installed  at  one  of  the  above  plants.  In  1900  the  Central  mill  was  built  and  was 
equipped  with  rotary  kilns  only.  The  Reliance  mill  was  built  in  1905  and  the  present  quarry 
was  opened  in  the  same  year. 


GEOLOGY 

The  cement  rock  of  the  Lehigh  district,  as  found  in  the  Reliance  quarry,  belongs 
to  the  Jacksonburg  formation  and  is  a  continuation  of  a  belt  that  extends  from  Belvedere, 
N.  J.,  on  the  Delaware  River,  through  Stockerton,  Bath,  and  Northampton,  to  about  10  miles 
west  of  the  Lehigh  River.  The  belt  is  only  a  few  miles  wide,  yet  there  are  about  25  cement 
plants  located  on  it. 

The  strata  consist  of  a  basal  layer  of  crystalline  limestone  mixed  with  dolomite, 
and  an  upper  layer  of  argillaceous  limestone  (cement  rock)  which  comprises  most  of  the  forma¬ 
tion.  The  northern  boundary  of  the  cement  rock  can  sometimes  be  determined  by  an  abrupt 
change  in  the  topography,  the  line  of  contact  being  at  the  base  of  the  steep  slopes  which 
mark  the  southern  margin  of  the  slate  belt  (Ii^artinsburg  formation)  which  overlies  the  Jack¬ 
sonburg  limestone.  The  southern  boundary  is  sometimes  marked  by  a  change  in  slope  to  the 
more  soluble  underlying  high-grade  limestone  (Beekmantown  formation),  but  the  geology  is 
not  regular. 

In  some  areas  large  lenses  of  high-grade  cement  rock  are  embedded  in  very  lov/- 
grade  material;  sometimes  the  rock  is  covered  by  residual  clay  to  a  depth  of  50  feet.  There 
are  several  large  outcrops  of  dolomite  which  are  probably  overlain  with  cement  rock. 

The  cement  rock  is  a  black  slaty  stone,  intermediate  in  composition  between  lime¬ 
stone  and  slate.  The  calcium  carbonate  varies  from  55  to  85  per  cent.  In  the  developed 
areas  the  variation  is  not  so  extreme  and  the  rock  will  average  about  75  per  cent  calcium 
carbonate.  This  is  the  approximate  percentage  required  in  the  raw  mix  for  the  manufacture 
of  Portland  cement;  hence  the  name  "cement  rock."  The  rock  is  comparatively  soft  and  is 
laminated  due  to  its  slaty  nature.  Following  is  the  analysis  of  the  average  cement  rock  from 
the  Reliance  quarry: 

Per  cent 


Silica  .  14.80 

Iron  oxide  and  alumina  . .  7.20 

Calcium  carbonate  .  72.50 

Magnesium  carbonate  .  4.10 

Water,  alkalies,  etc.  ...  1.40 


The  above  material  must  be  mixed  with  some  high-grade  limestone  in  order  to  in¬ 
crease  the  calcium  carbonate  content  to  the  desired  percentage  (about  75  per  cent).  Some 
cement  companies  in  the  Lehigh  Valley  are  more  favored  than  others  in  having,  adjacent  to 
their  plants,  deposits  of  limestone  which  can  be  quarried  and  delivered  to  the  mill  for  the 
same  cost  as  the  cement  rock.  At  some  mills  the  cement  rock  is  sufficiently  high  in  calcium 
cartonate  to  require  the  addition  of  clay  or  other  argillaceous  material  in  order  to  regulate 
the  mix.  No  workable  deposit  of  high-grade  calcium  limestone  has  been  discovered  in  the 
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Figure  I.-  Plan  of  Reliance  quarry 
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Figure  2.  — Section  of  south  face  of  quarry  showing  composition  of  strata 
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Figure  3.  —  Longitudinal  section  of  rock  below  the  quarry  floor 
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vicinity  of  Egypt,  and  the  limestone  used  at  the  Giant  Portland  Cement  Co.'s  plants  is  pur¬ 
chased  and  shipped  from  Annville,  Pa.  The  cost  delivered  at  the  mill  is  $2.40  per  long  ton, 
or  about  seven  times  as  much  as  the  cost  of  the  cement  rock.  Therefore  it  is  not  economical 
to  work  low-grade  deposits  of  the  latter. 

RELIANCE  QUARRY 

In  some  places  the  cement  rock  outcrops,  but  as  a  rule  it  is  covered  by  a  clay 
overburden  which  varies  in  thickness  from  1  to  20  feet.  Sometines  the  clay  extends  to 
greater  depth  in  pockets,  chasms,  fissures,  or  wide  cracks  in  the  otherwise  solid  rock. 
Occasional  seams  of  quartz  and  soapstone  are  encountered  but  not  in  sufficient  quantity  or 
thickness  to  interfere  with  the  method  of  quarrying. 

Good  cement  rock  is  found  to  a  depth  of  at  least  230  feet  within  the  area  of  the 
present  workings.  This  area  is  located  in  the  southeast  section  of  the  quarry  (see  fig.  1). 
The  strata  dip  in  a  northwesterly  direction  at  an  angle  of  about  5°.  Faults  are  rare  and 
folding  occurs  only  in  a  few  places.  The  composition  of  the  rock  varies  considerably  in 
localized  sections  but  the  method  of  quarrying  reduces  this  variation  so  that  the  rock  de¬ 
livered  to  the  mill  will  average  between  70  and  75  per  cent  calcium  carbonate.  A  plan  of  the 
quarry  and  the  track  layout  is  shown  in  Figure  1.  A  section  of  the  present  face  showing 
location  of  strata  is  shown  in  Figure  2.  A  longitudinal  section  of  the  rock  below  the  floor 
of  the  quarry  is  shown  in  Figure  3. 


PROSPECTING 

Considerable  prospecting  has  been  done  on  the  Reliance  and  adjacent  properties  of 
the  company.  One  gas  churn  drill  is  used  continually  for  this  purpose.  Test  holes  6  inches 
in  diameter  are  drilled  to  a  depth  of  from  100  to  200  feet.  In  new  properties  the  holes  are 
first  drilled  on  the  corners  of  a  250-foot  square  and  if  the  results  of  the  tests  indicate 
that  further  prospecting  is  necessary,  the  spacing  is  reduced,  either  for  the  purpose  of 
tracing  high-grade  rock  when  it  is  encountered  or  to  eliminate  any  doubts  as  to  the  value  of 
the  prospected  area.  Numerous  prospect  holes  have  been  drilled  from  the  surface  of  the 
Reliance  quarry  to  a  depth  of  230  feet.  The  quarry  floor  has  been  prospected  to  a  depth  of 
100  feet-  As  the  present  face  is  moved  ahead,  additional  test  holes  are  sunk  in  the  new 
floor  area  on  100-foot  squares,  and  the  results  are  tabulated  and  recorded  for  future 
reference . 


Loomis  No.  4  clipper  drill  is  the  type  used.  The  average  footage  drilled  per  day 
of  10  hours  is  approximately  40  feet.  The  speed  varies  with  the  strata  encountered,  which 
consists  of  clay,  cement  rock,  veins  of  limestone  and  quartz,  dolomite,  and  slate.  The  dolo¬ 
mite  is  the  hardest  rock  encountered  in  large  masses.  The  rate  of  drilling  becomes  slower 
with  increasing  depth.  When  water  is  encountered  in  the  drill  holes  the  footage  drilled  in 
unit  time  is  much  less  than  the  average.  The  average  cost  of  drilling  prospect  holes  is 
$0,405  per  foot.  This  cost  includes  labor  (two  men  to  a  drill),  material  and  fuel,  repair 
labor,  and  also  covers  the  time  used  in  moving  from  one  location  to  another. 

METHODS  OF  SAM.'’LING  AND  ANALYSIS 

Samples  are  taken  from  each  5  feet  of  drill  hole.  Each  time  the  sludge  is  bailed 
out  the  first  portion  is  thrown  away  and  the  second  fill  of  the  bailer  is  caught  in  a  water 
pail;  all  other  bailings  are  thrown  away.  The  sample  in  the  pail  is  washed  free  from  clay, 
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is  mixed  well,  and  put  into  a  small  tin  box  or  a  tobacco  can,  several  of  which  are  provided 
for  the  purpose.  Each  can  is  marked  with  the  number  of  the  test  hole  and  the  depth  at  which 
the  sample  was  taken. 

Samples  are  dried  and  pulverized  and  a  determination  for  carbonate,  in  terms  of 
calcium  carbonate,  is  made  on  each  one  by  the  simple  and  rapid  acid-alkali  method.  After 
all  samples  from  one  hole  are  tested  in  the  above  manner  a  composite  is  made  of  all  the 
samples  of  that  hole.  A  carbonate  determination  is  made  on  the  composite;  the  result  should 
agree  with  the  arithmetical  average  of  the  individual  results  within  0.2  per  cent.  The 
actual  lime  in  the  composite,  determined  by  the  potassium  permanganate  method,  is  calculated 
to  calcium  carbonate.  The  difference  (plus  or  minus  value)  between  the  actual  calcium  car¬ 
bonate  and  the  carbonate  obtained  by  the  acid-alkali  method  is  added  to  the  individual  re¬ 
sults  so  as  to  obtain  the  correct  values.  The  composite  samples  are  also  analyzed  for 
magnesia. 


In  using  the  acid-alkali  method  for  the  estimation  of  calcium  carbonate  in  lime¬ 
stone,  cement  rock,  and  cement  mixes,  it  is  customary  to  standardize  the  acid  and  the  alkali 
solutions  with  a  standard  sample  of  material  approximating  the  composition  of  the  samples 
to  be  tested.  If  the  standard  sample  contains  42  per  cent  lime  (75  per  cent  CaCOa)  and  2 
per  cent  magnesia,  a  sample  of  rock  which  by  this  method  analyzes  say,  70  per  cent  calcium 
carbonate,  contains  the  equivalent  of  70  per  cent  CaCO  3  and  2  per  cent  MgO.  But  if  the 
actual  MgO  is  more  than  2  per  cent,  then  the  CaCOa  will  be  less  than  70  per  cent,  and  as  the 
percentage  of  magnesia  may  vary  in  different  sections  and  strata  of  a  property,  it  is  neces¬ 
sary  to  make  a  determination  of  the  lime  in  the  composite  in  order  to  check  and  make  any 
correction  of  the  acid-alkali  determination. 

When  the  acid-alkali  result  exceeds  the  actual  calcium  carbonate  content,  the 
difference,  especially  if  considerable,  can  be  attributed  to  a  higher  percentage  of  magnesia 
than  that  in  the  standard  sample.  This  difference  multiplied  by  0.4  will  equal  approximately 
the  increase  in  the  percentage  of  magnesia.  Other  acid-soluble  basic  impurities  affect  the 
acid-alkali  determination,  but  to  a  less  degree. 

ESTIMATION  OF  TONNAGE 

Based  on  the  analyses,  areas  are  mapped  out  so  that  the  average  calcium-carbonate 
content  of  the  whole  area  will  exceed  70  per  cent.  The  available  tonnage  is  estimated  on  the 
basis  of  155  pounds  per  cubic  foot.  Due  to  the  fairly  regular  and  solid  formation  of  the 
rock,  especially  below  the  quarry  floor,  the  tonnage  can  be  estimated  closely. 

METHODS  OF  QUARRYING 

The  open-pit  method  of  quarrying  has  been  used  from  the  beginning  of  operations  in 
the  Reliance  quarry.  The  first  cut  was  made  at  the  mill  site  in  order  to  excavate  for  the 
crusher  and  adjacent  buildings.  The  area  extending  from  the  mill  to  the  northwest  was  the 
first  developed  and  worked  due.  no  doubt,  to  the  fact  that  it  had^ less  than  1  foot  of  over¬ 
burden.  When  the  good  rock  in  this  section  became  exhausted,  or  nearly  so,  the  area  to  the 
southwest  was  prospected  and  developed.  The  overburden  in  this  area  consists  of  a  yellow 
clay.  The  amount  of  clay  per  thousand  tons  of  cement  rock  is  approximately  100  cubic  yards. 
This  estimate  applies  only  to  the  southwest  area. 
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This  heavy  clay  overburden  is  removed  by  stripping  with  a  power  shovel  and  a  drag¬ 
line  scraper  supplemented  with  some  pick  and  shovel  work.  Due  to  the  clay-filled  crevices 
previously  mentioned  which,  in  part,  can  not  be  stripped  by  the  regular  methods  with  economy 
and  safety,  some  waste  is  shot  down  with  the  rock.  The  waste  removed  in  the  quarry  proper 
by  the  power  shovels  and  transported  to  the  No.  2  waste  dump  amounts  to  approximately  2  per 
cent  of  the  rock  recovered.  A  certain  amount  of  waste  is  unavoidably  mixed  with  the  rock 
going  to  the  mill  but  it  is  only  harmful  in  that  it  requires  a  larger  amount  of  the  expensive 
limestone  to  regulate  the  mix. 

Considering  the  nature  of  the  overburden  and  its  amount,  the  fact  that  98  per  cent 
of  the  material  shot  down  can  be  recovered,  that  high  and  long  working  faces  are  possible, 
the  open-pit  method  and  the  use  of  power  shovels  is  logical  and  economical. 

DRAINAGE 

The  present  quarry  floor  is  on  the  same  level  as  the  mill  site  but  it  is  low  with 
respect  to  the  surrounding  country.  The  maximum  height  of  the  quarry  face  above  this  level 
is  120  feet.  However,  due  to  the  proximity  and  greater  depth  of  other  quarries,  no  drainage 
is  necessary  at  present  in  the  Reliance  quarry.  When  the  supply  of  cement  rock  above  the 
present  floor  level  is  exhausted  and  if  it  is  decided  to  sink  deeper  so  as  to  recover  the 
good  rock  below,  it  will  then  be  necessary  to  provide  for  drainage. 

STRIPPING 

Stripping  operations  are  carried  on  between  April  and  October.  The  first  cut  is 
made  with  a  Bucyrus  steam  shovel  with  a  f-yard  dipper.  This  is  followed  later  by  a  Marion 
steam  shovel  which  has  been  converted  into  a  dragline  scraper  and  equipped  with  a  f-yard  Page 
scraper  bucket.  Most  of  the  clay  is  found  in  wide  chasms  and  long  crevices  and  the  dragline 
is  very  suitable  for  removing  it.  In  the  narrow  lateral  crevices  which  are  inaccessible  to 
the  scraper  bucket  several  men  are  employed  to  dig  the  clay  and  shovel  it  into  the  path  of 
the  bucket.  All  overburden  is  removed  as  far  as  possible. 

The  clay  is  loaded  directly  into  Easton  side-dump  cars.  The  cars  hold  1-^  cubic 
yards  and  are  hauled  to  the  No.  1  waste  dump  by  Vulcan  steam  locomotives.  A  train  consists 
of  six  cars.  The  dump  is  located  on  the  slope  of  a  hill.  The  length  of  haul  from  the 
stripping  area  to  the  dump  is  between  1,500  and  2,000  feet;  the  grade  is  less  than  2  per  cent 
The  track  layout  is  shown  in  Figure  1.  The  gage  is  30  inches  and  a  24-pound  rail  is  used. 

The  average  amount  of  overburden  removed  in  10  hours  is  175  cubic  yards;  this  figure 
applies  to  the  dragline  operation  in  which  the  stripping  is  tedious  and  expensive  due  to  the 
awkward  position  of  the  clay.  The  dragline  scraper  and  two  locomotives  are  used  at  present. 
The  stripping  crew  consists  of  14  men  as  follows;  2  men  on  the  dragline,  1  man  on  each 
locomotive,  6  pick-and-shovel  men  to  supplement  the  scraper,  and  4  men  on  the  waste  dump  to 
empty  cars  and  level  off.  One  foreman  has  charge  of  stripping,  drilling,  and  prospecting. 

The  total  cost  of  stripping  over  a  period  of  four  years  amounts  to  $0,599  per 
cubic  yard. 

Stripping  operations  are  kept  well  ahead  of  drilling,  and  enough  rock  to  supply  the 
mill  for  about  two  years  has  been  stripped. 
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MINING 

In  mining,  the  general  plan  is  to  develop  long  and  high  faces  so  as  to  bring  down 
with  one  shot  sufficient  rock  to  supply  the  mill  for  several  months.  The  Reliance  mill  re¬ 
quirements  are  between  25,000  and  30,000  long  tons  per  month.  The  Central  mill,  when  oper¬ 
ating,  requires  about  18,000  tons  per  month.  Both  mills  are  supplied  from  the  Reliance 
quarry.  All  the  rock  is  used  in  the  manufacture  of  cement.  Waste  inclusions  amount  to 
about  3  per  cent  of  the  rock.  About  two-thirds  of  this  can  be  easily  segregated,  loaded 
separately,  and  transported  to  the  No.  2  waste  dump  which  is  located  close  to  the  stripping 
dump  but  at  a  lower  level  on  the  side  of  the  same  hill.  The  haul  to  the  lower  waste  dump  is 
too  steep  to  be  made  directly;  it  is  accomplished  by  making  one  long  level  haul  and  three 
short  hauls  of  4  per  cent  grade.  The  total  length  of  haul  from  the  quarry  face  to  the  lower 
waste  dump  is  approximately  3,500  feet. 

The  quarry  face  is  perpendicular.  From  the  east  to  the  west  side  the  height  of 
the  face  increases  from  85  to  110  feet.  A  circular  face  is  developed.  It  is  believed  that 
this  form  of  face  gives  the  best  blasting  results  with  respect  to  the  amount  of  explosives 
used  per  ton  of  rock  for  primary  and  secondary  blasting. 

PRIMARY  DRILLING 

Churn  drills  made  by  the  Loomis  Machine  Co.  are  used  for  the  primary  drilling  (and 
for  prospecting) .  There  are  two  gasoline  drills,  model  JA,  one  traction  and  one  half-cater¬ 
pillar,  and  two  steam  drills,  one  traction  and  one  horse-drawn.  The  gasoline  drills  are 
preferred  as  they  are  found  to  be  more  economical  to  operate  and  are  more  convenient  with 
respect  to  supplies,  such  as  fuel  and  water.  A  horse  and  cart  delivers  the  coal  from  the 
mill  to  the  steam  drills,  dragline,  and  to  the  locomotives.  The  driller's  helper  brings  the 
gasoline  in  5-gallon  cans  from  the  mill.  A  pipe  line  from  the  mill  to  the  top  of  the  quarry 
delivers  either  water  or  air.  The  air  pressure  is  65  pounds.  The  air  is  used  for  operating 
an  I .  R.  jackhammer  when  it  is  found  necessary  to  blast  some  of  the  rock  in  order  to  level 
the  surface  or  to  fill  in  some  of  the  crevices  prior  to  locating  the  churn  drill.  Where  the 
crevices  are  wide,  the  churn  drill  rests  on  a  cribbing  made  from  railroad  ties. 

Oil-well  drill  steel  5|  inches  in  diameter  is  used.  Drill  bits  weigh  250  pounds 
and  are  dressed  to  6^  inches  diameter.  Drill  stems  measure  4^  inches  by  20  feet.  The  bits 
are  dressed  in  an  Armstrong  bit  dresser.  Casing  is  used  only  in  clay  or  loose  material. 

The  average  drilling  speed  is  45  feet  per  day  of  10  hours.  When  in  hard  rock, 
bits  have  to  be  changed  and  dressed  oftener  so  as  to  maintain  a  uniform  diameter  of  the  hole. 

Holes  are  spaced  15  feet  apart,  parallel  to  the  face,  and  cary  a  28-foot  burden. 
Where  it  is  impractical,  due  to  extreme  irregularities  of  the  top  surface,  to  drill  parallel 
to  the  face  the  holes  approach  or  recede  from  it,  depending  on  the  apparent  degree  of  solid¬ 
ity  of  the  rock  at  that  point.  Formerly  it  was  the  practice  to  increase  the  spacing  in  the 
more  solid  rock  but  this  procedure  was  discontinued  as  it  was  found  to  make  the  cost  of 
secondary  blasting  too  high.  The  number  of  holes  drilled  for  one  shot  ranges  from  35  to  45. 
The  diameter  of  the  holes  is  6:f  inches;  the  depth  is  governed  by  the  height  of  the  face 
which  varies  from  85  to  110  feet.  All  holes  are  drilled  6  feet  below  the  quarry  floor. 
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Drilling  starts  immediately  after  each  shot  is  made.  Positions  of  the  holes  are 
located  by  measuring  from  permanent  stakes  the  exact  distances  toward  the  quarry  face;  this 
establishes  the  base  line  for  the  row  of  holes.  A  record  is  kept  of  the  location  of  each 
set  of  holes  and  the  position  of  each  hole  is  plotted  on  a  blue  print  of  the  quarry.  Each 
hole  is  numbered.  Samples  are  taken  every  5  feet  and  are  marked  according  to  the  hole  number 
and  the  depth  at  which  the  samples  were  taken.  The  samples  are  treated  as  described  under 
"Methods  of  Analysis."  They  are  stored  until  after  the  shot  is  made  and  the  stone  used.  A 
composixe  is  made  of  samples  of  all  holes  in  the  blast,  and  a  complete  analysis  is  made  of 
it . 


PRIMARY  BLASTING 

The  explosives  used  for  primary  blasting  are  60  and  40  per  cent  gelatine  dynamites. 
The  cartridges  are  5  inches  in  diameter  and  24  inches  long.  Cordeau  is  used  for  detonating 
the  charge.  No.  6  detonators  and  Beaver  fuse  (speed  40  seconds  per  foot)  are  used  for 
firing. 


The  powder  used  for  primary  blasting  is  not  kept  in  storage  but  is  delivered  to 
the  quarry  by  auto  trucks  on  the  day  the  shot  is  to  be  fired.  It  is  distributed  to  all  the 
holes  in  proportion  to  the  amounts  and  the  strengths  required.  The  boxes  are  opened  by  extra 
labor  (not  the  loading  crew).  There  are  frcm  two  to  four  loading  crews  of  three  men  each. 
They  fill  the  holes  in  rotation  and  under  the  the  supervision  of  the  explosive  company's 
representative  who  acts  as  powderman  and  who  is  responsible  for  the  shot. 

In  loading  each  hole  the  cordeau  is  attached  to  the  bottom  stick  of  powder.  As  a 
rule  the  bottom  is  loaded  with  the  60  per  cent  powder  and  the  top  with  40  per  cent.  The 
thickness  of  the  burden  at  different  heights  also  governs  the  distribution  of  the  different 
strengths  of  explosive.  When  pockets  are  encountered,  that  portion  of  the  hole  is  filled 
with  clay.  The  hcles  are  loaded  to  within  20  to  25  feet  from  the  top  and  the  remainder  is 
filled  with  clay  and  tamped  down. 

After  all  holes  are  loaded  the  ground  is  cleared  of  powder  boxes  and  other  obstruc¬ 
tions,  a  trunk  line  of  cordeau  is  run  from  the  first  to  the  last  hole,  and  the  free  end  of 
the  line  is  connected  to  the  detonator  and  fuse.  The  fuse  is  lighted  with  a  match. 

All  holes  are  loaded  and  fired  on  the  same  day.  Between  10  and  15  minutes  are 
required  to  load  each  hole. 

The  fragmentation  desired  is  dependent  on  the  size  of  the  primary  crusher  which  is 
a  48  by  60  inch  jaw  type.  There  is  no  minimum  limit  as  all  the  stone  is  used  for  making 
cement . 


In  the  drilling  and  blasting  operations  holes  have  been  drilled  with  16-foot  cent¬ 
ers  and  24  feet  of  burden;  18-foot  centers  and  26  feet  of  burden;  and  different  strengths  of 
explosives,  30,  40,  50,  and  60  per  cent  have  been  used  under  these  varied  conditions.  The 
most  economical  results  with  respect  to  the  total  cost  of  primary  and  secondary  blasting 
have  been  obtained  by  drilling  the  holes  15-foot  centers  and  carrying  a  28-foot  burden. 
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SECONDARY  DRILLING  AND  BLASTING 

Ingersol-Rand  jackhammers,  type  BCR4,  are  used  for  drilling  the  large  bowlders. 

The  air  is  delivered  from  the  compressor  to  the  quarry  over  a  2-inch  line.  Several  l:|^-inch 
air  lines  branch  out  from  the  main  line  to  different  sections,  and  f-inch  leads  connect  the 
main  line  to  the  drills.  The  air  pressure  at  the  drills  is  between  70  and  80  pounds. 

The  drill  steel  is  •§--inch  hexagon  stock;  li-inch  bits  are  used  for  li-inch  diameter 
holes,  and  If-inch  bits  for  2-inch  holes.  In  large  bowlders  in  which  the  depth  of  the  holes 
exceeds  10  feet,  the  holes  are  made  2  inches  in  diameter;  shallower  holes  are  made  1-|-  inches 
in  diameter.  The  drilling  speed  is  about  1  foot  in  4  minutes. 

The  large  bowlders  encountered  by  the  steam  shovels  are  cast  to  one  side  and 
drilled  by  a  crew  of  two  men  used  for  this  purpose  and  for  barring  down  loose  bowlders  which 
are  also  drilled.  Holes  are  drilled  to  the  centers  of  the  bowlders.  The  dynamite  used  is 
1^  inch  diameter  40  per  cent  gelatin.  No.  6  detonators  and  Beaver  fuse  (speed  40  seconds 
per  foot)  are  used  for  firing.  The  holes  are  filled  to  within  2  inches  of  the  top  with  the 
powder,  the  cap  and  fuse  are  attached  to  the  last  stick,  and  the  last  2  inches  of  the  hole  is 
filled  with  clay  and  tamped  well.  The  fuses  are  cut  to  not  less  than  30  inches  and  are 
lighted  with  a  wick. 

In  primary  blasting  the  shots  will  average  3.7  tons  per  pound  of  explosive;  in 
secondary  blasting  the  ratio  is  approximately  1  pound  of  explosive  to  44  tons  of  stone. 

LOADING  STONE 

Two  Bucyrus  No.  70  traction-type  steam  shovels  are  used  for  loading  the  stone. 

The  dippers  are  2-|^-yards  capacity.  One  Bucyrus  No.  65  is  held  in  reserve.  Two  shovels  are 
able  to  load  between  180  and  190  long  tons  per  hour;  this  includes  the  intermittent  stops 
caused  by  transportation  delays.  There  are  3  men  on  each  shovel;  an  engineer,  a  fireman, 
and  a  craneman.  Working  8  hours  per  day  and  5  days  per  week,  the  mill  requirements  of  from 
25,000  to  30,000  long  tons  per  month  can  be  supplied. 

TRANSPORTATION 

Three  Vulcan  steam  locomotives  running  on  standard  gage  60-pound  rail  are  used  to 
transport  the  rock  to  the  crusher.  The  grade  to  the  crusher  is  practically  level.  Atlas 
10-ton  side-dump  cars  are  used.  The  load  in  each  car  is  7^  long  tons.  Five  cars  make  up  a 
trainload.  The  fuel  used  on  the  locomotives,  shovels,  etc.,  is  run-of-mine  coal.  It  is 
hauled  by  a  horse  and  cart  to  the  shovels  from  a  storage  pile  located  on  the  track  adjacent 
to  the  pump  house.  The  locomotives  obtain  their  coal  from  the  same  source.  The  water  for 
the  boilers  is  treated  by  the  lime-soda  process. 

From  the  crusher  to  the  quarry  face  the  locomotives  follow  the  horseshoe  track 
around  the  face  and  make  the  return  trip  with  the  load  over  the  straight  piece  of  track 
(ST,  fig.  1).  The  cars  receive  half  of  their  load  from  the  shovel  nearer  to  the  mill,  and 
the  load  is  completed  by  the  further  shovel.  This  loading  system  helps  to  mix  the  rock  and  ^ 
reduces  the  variation  in  the  composition.  The  haul  to  the  crusher  is  about  1,200  feet. 

The  total  quarry  crew  (exclusive  of  the  men  on  primary  drilling,  blasting,  and 
stripping)  consists  of  17  men;  3  on  each  shovel,  1  man  on  each  locomotive,  2  powdermen  for 
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secondary  drilling  and  blasting  and  for  barring  down,  2  pitmen,  2  track  repairmen,  1  man  at 
the  crusher  to  dump  cars,  and  1  foreman. 

CRUSHING  PLANT 

The  primary  crusher  is  located  below  the  level  of  the  tracks  and  rests  on  a  solid 
rock  foundation.  Figure  5  is  a  sectional  view  of  the  silos  and  the  crushing  equipment. 

A  small  drum  hoist  geared  to  a  15-hp.  motor  is  used  for  unloading  the  cars.  The 
lift  is  applied  through  an  overhead  block  and  tackle.  The  cars  are  dumped  directly  on  to  a 
5  by  12  foot  Traylor  Sheridan  grizzly  feeder  which  is  driven  by  a  variable-speed  25-hp. 
motor.  The  feeder  has  a  reciprocating  motion  and  carries  the  rock  ahead  slowly  and  uniformly 
to  a  48  by  60  inch  Traylor  jaw  crusher  belted  to  a  200-hp.  motor.  The  fines,  3  inches  and 
under,  pass  through  the  grizzly  bars.  The  by-passing  of  the  fines  which  contain  most  of  the 
clayey  material  prevents  choking  of  the  crusher.  The  capacity  of  the  primary  crusher  is  250 
tons  per  hour  crushing  to  8  inches. 

The  crushed  product  and  the  fines  which  pass  the  grizzly  are  picked  up  by  a  48-inch 
by  60-foot  link-belt  bucket  elevator  and  delivered  to  the  secondary  crusher,  a  42  by  48  inch 
Jeffrey  swing-hammer  mill  directly  connected  to  a  200-hp.  motor.  No  intervening  storage  bin 
is  required.  The  Jeffrey  mill  is  very  efficient  for  crushing  cement  rock.  In  order  to  re¬ 
duce  dust  losses  in  the  dryer  stack  several  of  the  mill  hammers  have  been  removed. 

The  Jeffrey  product,  3  inches  and  under  in  size,  drops  through  a  side  chute  to  the 
lower  run  of  a  link-belt  carrier  which  is  driven  by  a  50-hp.  motor.  The  buckets  are  30  by 
36  inches  and  overlap  each  other.  The  capacity  of  the  carrier  is  300  tons  per  hour.  The 
carrier  passes  over  a  Merrick  weightometer  which  weighs  and  records  the  quantity  of  rock 
going  to  the  storage  silos. 

There  are  eight  round  concrete  silos  (two  rows  of  four)  with  an  intersticial  row 
star  shaped.  The  storage  capacity  is  12,000  tens.  One  section  of  the  silos  is  65  feet  deep 
(inside  depth)  and  the  other  is  40  feet  deep.  The  latter  is  built  over  the  railroad  tracks, 
and  double  duplex  gates  24  by  24  inches  are  attached  to  the  bottom  of  these  four  silo-s. 
This  permits  the  crushed  rock  to  be  loaded  into  gondolas  and  shipped  to  the  Central  mill  of 
the  company. 

A  traveling  tripper  is  used  for  dumping  the  carrier  buckets  containing  the  crushed 
rock  into  any  of  the  silos.  A  small  back-geared  drum  hoist  driven  by  a  2-hp.  motor  pulls 
the  tripper  in  a  counter  direction  to  that  of  the  carrier;  the  forward  movement  is  effected 
by  the  pull  of  the  buckets. 

The  empty  buckets  descend  at  the  rear  end  of  the  silos  and  travel  through  a  tunnel 
under  the  latter.  Under  each  silo  there  is  a  link-belt,  reciprocating  feeder.  The  feeders 
are  driven  through  chain  drives  and  clutches  from  a  line  shaft  which  is  driven  by  a  variable- 
speed  10-hp.  motor.  They  can  be  adjusted  to  withdraw  the  rock  at  a  uniform  rate  from  any 
number  of  silos  at  the  same  time.  By  feeding  from  several  silos  simultaneously,  the  rock 
is  blended  and  the  combined  flow  of  material  is  more  uniform  in  composition  than  that  which 
entered  the  silos. 

The  feeders  deliver  the  rock  to  the  lower  run  of  the  carrier  which  conveys  it  to  a 
point  ahead  of  the  secondary-crusher  discharge  chute.  At  this  point  a  tripper  dumps  the 
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blended  rock  into  the  boot  or  pit  of  a  36-inch  by  96-foot  link-belt  bucket  elevator  (elevator 
No.  2,  fig.  5)  driven  by  a  4C-hp.  motor.  The  empty  carrier  buckets  travel  a  few  feet  for-- 
ward  and  pick  up  the  product  of  the  secondary  crusher  as  already  described.  In  case  of  a 
shut-down  of  the  carrier  the  product  of  the  secondary  crusher  or  the  crushed  reck  in  the  two 
north  end  silos  can  be  fed  directly  to  the  No.  2  elevator  which  delivers  the  rock  to  the 
mixer  bins. 

In  the  crushing  department  there  are  five  men  and  a  foreman.  The  three  silo  men, 
one  on  each  8-hour  shift,  keep  the  mixer  bins  supplied  with  cement  rock  and  limestone;  the 
latter  is  stored  in  two  of  the  silos.  One  man  operates  the  upper  tripper  (which  distributes 
the  rock  to  the  silos)  and  collects  an  average  daily  sample  of  the  rock  from  the  carrier 
buckets.  The  sixth  man  helps  in  the  unloading  of  cars  of  limestone  and  does  odd  jobs. 

DRYING  AND  MIXING 

There  are  two  reinforced  concrete  mixer  bins  each  having  a  capacity  of  200  tons. 
One  is  used  for  cement  rock  and  the  other  for  the  crushed  limestone.  The  mixing  room  is 
located  under  thses  bins.  Here  the  cement  rock  and  the  limestone  are  proportioned  to  make 
the  raw  cement  mixture.  The  bins  are  equipped  with  duplex  gates  through  which  the  stone  feeds 
into  the  hopper  of  the  Toledo  scale.  The  hopper  is  drop-bottom  and  discharges  at  a  uniform 
rate  onto  a  horizontal  belt  conveyor,  39  inches  by  7  feet  3  inches,  which  carries  the-inix- 
ture  to  a  16-inch  by  35-foot  overlapping  bucket  elevator.  The  latter  delivers  the  product 
onto  another  horizontal  belt  conveyor  36  inches  by  14  feet,  to  be  discharged  into  the 
cylindrical  dryer.  The  head  pulley  of  the  latter  conveyor  is  a  16-inch  diameter  magnetic 
separator  which  picks  the  tramp  iron  from  the  stone. 

The  dryer,  8  by  80  feet,  is  direct  fired  by  pulverized  coal  and  can  dry  67  tons  per 
hour.  Between  1,100  and  1,300  tons  are  dried  each  24  hours.  The  dryer,  the  bucket  elevator, 
the  belt  conveyors,  and  the  auxiliary  conveying  equipment  for  cleaning  the  dryer  stack 
chamber,  are  driven  by  a  75-hp .  motor  through  a  Cleveland  Worm  and  Gear  Co.  speed  reducer. 

The  dryer  discharges  directly  into  a  42  by  48  inch  Jeffrey  hammer  mill  direct- 
connected  to  a  75-hp.  motor.  Originally  this  mill  was  one  of  two  installed  for  secondary 
crushing.  One  was  found  to  be  sufficient  and  the  other  was  used  to  replace  a  smaller  type-- 
of  hammer  mill  at  the  discharge  end  of  the  dryer.  The  main  purpose  of  this  tertiary  crushing 
is  to  break  any  stray  large  lumps  of  stone.  The  rock  is  reduced  to  under  1-inch  size  and 
discharges  into  an  inclosed  17-inch  by  40-foot  bucket  elevator  which  elevates  it  to  a  large 
rectangular  steel  bin  located  over  the  preliminary  grinding  mills.  The  bin  has  a  capacity 
of  about  100  tons. 

There  are  three  men  in  the  mixing  department,  one  man  on  each  shift  of  8  hours. 
There  are  no  men  in  the  drying  department.  The  dryer,  once  started,  requires  little  atten¬ 
tion  and  that  is  given  by  the  men  in  the  grinding  department. 


GRINDING 

The  preliminary  grinders  are  two  Bradley  Hercules  mills.  Each  is  direct-connected  ^ 

to  a  3CC-hp.  synchronous  motor.  The  mills  are  equipped  with  9-mesh  screens  and  have  an  out¬ 
put  of  40  long  tons  per  hour  per  mill. 
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Screen  Analysis  of  Hercules  Product 


Mesh  Per  cent  undersize 

200  .  54.2 

100  .  62.4 

80  .  68.1 

50  .  75.0 

30  .  88.2 

20  .  98.5 

10  .  100.0 


The  ground  material  discharges  into  a  24-inch  by  45-foot  bucket  elevator.  The 
latter  discharges  into  a  24-inch  by  60-foot  screw  conveyor  which  distributes  the  material 
into  a  steel  blending  bin.  The  elevator  and  conveyor  are  chain  driven  from  a  Palmer-Bee  Co. 
speed  reducer  coupled  to  a  25-hp.  motor.  There  are  five  discharge  openings  in  the  conveyor 
casing.  The  first  four  are  equipped  with  steel  slides  which  are  operated  by  an  electrical 
device  that  opens  and  closes  them  in  rotation.  This  insures  a  uniform  distribution  of  the 
material  entering  the  blending  bin.  The  lower  section  of  the  bin  consists  of  five  hoppers, 
the  centers  of  which  are  directly  under  the  conveyor  openings.  Under  the  hoppers  there  are 
five  rotary  valves  driven  through  chain  drives  from  a  line  shaft.  The  valves  withdraw  the 
mix  from  the  bin  at  a  uniform  rate  and  the  five  streams  feed  into  an  18-inch  by  50-foot  screw 
conveyor.  This  discharges  into  a  17-inch  by  25-foot  bucket  elevator  which  in  turn  discharges 
into  an  18-inch  by  66-foot  screw  conveyor  which  feeds  the  tube  mills.  The  valves,  the  two 
18-inch  screw  conveyors,  and  the  last  elevator  are  all  driven  by  a  25-hp.  motor  through  a 
Palmer-Bee  Co.  speed  reducer. 

There  are  two  tube  mills  for  the  final  grinding  of  the  raw  mix.  One  is  a  7  by  26- 
foot  Traylor  and  the  other  is  a  No.  20  7-foot  by  23-foot  6-inch  Smidth.  The  former  is  driven 
by  a  500-hp.  synchronous  motor;  the  latter  by  a  400-hp.  synchronous  motor.  The  mills  are 
charged  with  f-inch  steel  balls  and  cylpebs.  The  charge  in  the  large  mill  is  35  tons;  in 
the  smaller  mill  24  tons.  The  combined  output  of  both  mills  is  about  50  tons  per  hour. 
Ninety  per  cent  of  the  product  passes  a  200-mesh  screen. 

The  grinding  department  operates  24  hours  per  day,  seven  days  per  week.  Six  men, 
two  on  each  8-hour  shift,  are  employed  in  this  department. 

REPAIR  SHOP 

There  is  a  large  and  well-equipped  repair  shop  at  one  end  of  which  is  the  black¬ 
smith's  shop.  A  12  by  10  inch,  class  38,  Pennsylvania  Pump  and  Compressor  Co.  compressor 
supplies  the  air  for  the  jackhammers  and  for  miscellaneous  purposes.  An  Armstrong  bit 
dresser  for  the  well-drill  bits  and  a  Denver  Rock  and  Drill  Co.  bit  dresser  for  the  air-drill 
bits  are  part  of  the  blacksmith  shop  equipment. 

Repairs  on  the  shovels  and  the  locomotives  are  made  without  delay.  The  men  oper¬ 
ating  these  units  work  on  a  bonus  system  and  the  equipment  for  mining  and  transportation  is 
kept  in  good  condition  at  all  times.  All  boilers  are  cleaned  out  every  two  weeks. 

POWER 

Electrical  power  is  purchased  from  the  Pennsylvania  Power  and  Light  Co.  The  sub¬ 
station  equipment  consists  of  two  3,000  kva.  transformers  and  two  100-kw.,  220-volt,  direct- 
current  motor  generators.  The  incoming  power  is  stepped  down  from  66,000  to  440  volts. 
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PAY  SYSTEM 

The  men  employed  on  stripping,  primary  drilling  and  blasting,  and  in  the  crushing 
and  grinding  departments  are  paid  a  straight  hourly  wage.  The  crew  engaged  in  transporta¬ 
tion,  loading,  and  unloading  of  the  cement  rock  is  paid  an  hourly  wage  and  a  bonus.  There 
are  16  men  included  in  the  bonus  distribution.  The  bonus  is  based  on  a  fixed  labor  cost  and 
the  actual  labor  cost  for  transportation,  loading  and  unloading.  A  maximum  labor  cost  of 
8  cents  per  long  ton  is  the  present  fixed  standard.  The  difference  between  the  maximum  and 
the  actual  labor  cost  is  paid  to  the  men. 

The  wage  scale  is  as  follows: 

Rate  per  hour 
$0.53 
.47 
.48 
.495 
.425 
.505 
.45 
.51 
.465 
.40 
.40 
.60 
.45 
.46 
.425 
.58 
.53 
.58 


Position  Number 

Shovel  engineers  . 3 

Shovel  firemen  .  3 

Shovel  cranemen  .  3 

Well  drillers  .  3 

Well  drillers'  helpers .  3 

Drillers  (jackhammer)  .  2 

Pitmen  .  2 

Locomotive  engineers  .  5 

Trackmen  .  2 

Men  on  waste  dump  .  4 

Pick  and  shovel  men  on  stripping  . .  6 

Blacksmith  .  1 

Tripper  man  (mill)  .  1 

Silo  men  .  3 

Mixer  men  .  3 

Millers  .  3 

Millers'  helpers  .  3 

Subforemen  .  2 
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ORGANIZATION  CHART 


Superintendent 


General  Foreman 


Quarry  foreman  Foreman 


Subforeman 


Drilling 
(6  men) 

Loading 
Transportation 
Track 
(16  men) 


Stripping 
(14  men) 

Subforeman 

Crushing 
Mixing 
(8  men) 


Grinding 
(6  men) 


8382 


-  13  - 


I . C . 6448 . 


COSTS 


Period  covered. _ 1929 . 


Production  of  stone  (short  tons)  .  288,528 

Overburden  removed  (cubic  yards)  . .  26,956 


1 .  Summary 

Stripping  . 

Primary  drilling  and  blasting  . 

Secondary  drilling  and  blasting  . 

Loading  . 

Transportation  . 

Primary  and  secondary  crushing  and  storage  . . . 
Drying,  mixing,  tertiary  crushing  and  grinding 
Total  . 

2 .  Stripping 


Labor  .  $0.03627 

Purchased  power  .  .00004 

Fuel  .  .00467 

Other  supplies  .  , 01500 

Total  .  $0.05598 


3 .  Primary  drilling  and  blasting 


Labor  .  $0.01015 

Explosives  .  .04571 

Fuel  .  .00206 

Other  supplies  .  . .  00814 

Total  .  $0.06606 


4 .  Secondaiv  drilling  and  blasting 


Labor  .  $0.00600 

Explosives  .  .00250 

Other  supplies  .  . .  00005 

Total  .  $0.00855 

5 .  Loading  stone  (shovels) 

Labor: 

Operating  .  $0.02200 

Repair  .  .00450 

Pitmen  .  .00560 

Cleaning  quarry  .  .00088 

Teaming  .  .00375 

Foreman  .  .01082 

Purchased  power  .  .00030 

Fuel  .  .00973 

Other  supplies  .  . 01696 

Total  .  $0.07454 


Cost  per  ton 
$0.05599 
.06606 
.00855 
. 07454 
.05258 
. 07720 
. 36378 
$0.69870 
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6 .  Transportation 


Cost  per  ton 


Labor: 

Operating  locomotives  .  $0.02140 

Repairing  locomotives  .  .00481 

Repairing  tracks  .  .00239 

Moving  tracks  .  .00965 

Repair  material: 

Locomotives  . .  .00346 

Tracks  .  .00155 

Moving  tracks  .  .00032 

Purchased  power  .  .00030 

Fuel  . .00766 

Oil  and  waste  .  . .  00104 

Total  .  $0.05258 


7 .  Primary  and  secondary  crushing  and  storage 


Labor: 

Operating  .  $0.04168 

Repairs  .  .00293 

Supplies : 

Operating  .  .00033 

Repairs  and  maintenance  .  .01045 

Oil  and  waste,  tools  .  .00745 

Fuel  . .00063 

Purchased  power  .  . . 01373 

Total  .  $0.07720 


8 .  Drying,  mixing,  tertiary  crushing  and  grinding: 


Labor : 

Operating  .  $0.05449 

Repair  . .03649 

Supplies : 

Operating  .  .00062 

Repairs  and  maintenance  .  .03158 

Tools  .  .00007 

Oil  and  waste  .  .00753 

Fuel  .  .02947 

Purchased  power  .  , 20353 

Total  .  $0.36378 
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9 .  Summary  of  cost  distribution 


Labor 

Power 

Fuel 

Explosives 

Other 

supplies 

Total 

Stripping 

$0.03627 

$0.00004 

$0.00467 

$0.01500 

$0.05598 

Primary  drilling  and 

blasting 

.01015 

.00206 

$0.04571 

.00814 

.06606 

Secondary  drilling  and 

' 

blasting 

.00600 

.00250 

.00005 

.00855 

Loading  stone 

.04755 

.00030 

.00973 

.01696 

.07454 

Transportation 

.03825 

.00030 

.00766 

.00637 

.05258 

Primary  crushing 

.00574 

Secondary  crushing 

.00348 

Storage  in 

.00180 

Storage  out 

.04461 

.00271 

.00063 

.01823 

. 07720 

Mixing,  drying 

.01864 

Tertiary  crushing 

.00401 

Preliminary  grinding 

.04963 

Final  grinding 

.12824 

Conveying,  etc. 

.09098 

.00301 

.02947 

.03980 

.36378 

Totals 

$0.27381 

$0.21790 

$0.05422 

$0.04821 

$0.10455 

$0.69869 

10 .  Man-hours 


Stripping  and  drilling 
Loading  and  transportation 
Crushing 

Drying  and  grinding 


Man-hours  per  ton 

0.13900 

.12608 

.11696 

.17914 


Tons  per  man-hour 

7.19 

7.93 

8.55 

5.58 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


A  BIBLIOGRAPHY  OF  THE  METALLURGICAL  WORK  OF  THE 
U.  S.  BUREAU  OF  MINES  IN  1930^ 

By  R.  S.  Dean^ 

General  Papers : 

A  general  survey  of  the  metallurgical  work  of  the  U.  S.  Bureau  of  Mines  has  been 
given  in  an  article  in  the  Missouri  School  of  Mines  Alumnus,  and  a  somewhat  more  detailed 
review  of  the  bureau  work  on  lead  and  zinc  will  be  found  in  the  Mining  Congress  Journal. 
C.  C.  Furnas  has  contributed  one  general  mathematical  article. 

Dean,  R.  S.  Program  of  Metallurgical  Investigations  of  the 
U.  S.  Bureau  of  Mines.  Missouri  School  of  Mines  Alumnus,  vol.  4,  No. 

4,  1930,  pp,  7-8. 

_  Investigations  of  the  U.  S.  Bureau  of  Mines  on 

the  Milling  and  Smelting  of  Lead  and  Zinc.  Min.  Cong.  Jour.,  vol.  16, 

1930,  p.  799,  808. 

Furnas,  C.  C.  Evaluation  of  the  Modified  Bessel  Function  of 
the  First  Kind  and  Zeroth  Order.  Am.  Mathematical  Monthly,  vol.  37, 

No.  6,  1930,  pp.  282-287. 

Fundamental  Studies : 

The  systematic  study  of  thermodynamic  properties  of  metallurgically  important 
substances  has  continued  at  the  Pacific  Experiment  Station,  Berkeley,  Calif.,  and  papers 
have  appeared  giving  specific  heat  data  on  manganese  sulphide,  ferrous  sulphide,  calcium 
sulphide,  silicon,  arsenic,  arsenic  trioxide,  arsenic  pentoxide,  antimony,  antimony  trioxide, 
antimony  pentoxide,  bismuth,  and  bismuth  trioxide.  A  critical  survey  of  the  specific  heat 
of  water  vapor  has  been  published  and  a  general  paper  on  the  use  of  these  data  to  study 
metallurgical  reactions. 

Anderson,  C.  T.  The  Heat  Capacities  of  Arsenic,  Arsenic  Tri¬ 
oxide  and  Arsenic  Pentoxide  at  Low  Temperatures.  Jour.  Am.  Chem.  Soc., 
vol.  52,  1930,  pp.  2296-2300. 

_ _ _  The  Heat  Capacity  of  Silicon  at  Low  Tempera¬ 
tures.  Jour.  Amer.  Chem.  Soc.,  vol.  52,  1930,  pp.  2301-2304. 


1  -  The  Bureau  of  Minos  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 

"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6449." 

2  -  Chief  engineer,  metallurgical  division,  U.  S.  Bureau  of  Mines. 
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Anderson,  C.  T.  The  Heat  Capacities  at  Low  Temperatures  of 
Antimony,  Antimony  Trioxide,  Antimony  Tetroxide  and  Antimony  Pentoxide. 
Jour.  Am.  Chem.  Soc.,  vol.  52,  1930,  pp.  2712-2720. 

_  The  Heat  Capacities  of  Bismuth  and  Bismuth 

Trioxide  at  Low  Temperatures.  Jour.  Am.  Chem.  Soc.,  vol-  52,  1930,  pp. 
2720-23. 


Dean,  R.  S.  Use  of  Thermodynamical  Data  to  Study  the  Chem¬ 
ical  Reactions  of  Metallurgical  Processes.  Inf.  Cir.  6395,  Bureau  of 
Mines,  1930,  12  pp. 

Eastman,  E.  D.  Specific  Heat  of  Water  Vapor  at  High  Tempera¬ 
tures  Derived  from  Explosion  Experiments.  Inf.  Cir.  6337,  Bureau  of 
Mines,  1930,  16  pp. 

Hincke,  W.  B.  The  Vapor  Pressure  of  Antimony  Trioxide.  Jour 
Am.  Chem.  Soc.,  vol.  52,  1930,  pp.  3869-77. 

Maier,  C.  G.  The  Heat  of  Formation  of  Zinc  Oxide.  Jour.  Am. 

Chem.  Soc.,  vol.  52,  1930,  pp.  2159-2170. 

Ore  Dressing: 

The  bureau  has  continued  its  investigations  of  grinding  and  classification,  and 
three  papers  have  appeared  by  Fahrenwald.  One  more  paper  by  Gaudin  on  flotation  fundamentals 
has  appeared.  A  comprehensive  investigation  of  iron  ore  beneficiation  has  been  started,  and 
papers  from  the  Mississippi  Valley  Experiment  Station,  Rolla,  Mo.,  have  appeared  covering 
investigations  of  Missouri  iron  ores  and  ores  of  the  Cuyuna  district. 

Clemmer,  J.  B.,  and  Coghill,  W.  H.  An  Improved  Laboratory 
Elutriator  and  Its  Application  to  Ores.  Eng.  and  Min.  Jour.,  vol.  129, 

1930,  pp.  551-554. 

Coghill,  Will  H.  The  Classification  and  Tabling  of  Difficult 
Ores,  with  Particular  Attention  to  Fluorspar.  Tech.  Paper  456,  Bureau 
of  Mines,  1930,  40  pp.  15  cents. 

Coghill,  Will  H.,  and  Anderson,  C.  0.  Notes  on  Free  Gangue  in 
Tri-State  Ores.  Joplin  (Mo.)  Globe,  Annual  Mining  Number,  February  2, 

1930,  p.  41. 

DeVaney,  F.  D.,  and  Cooke,  S.  R.  B.  Laboratory  Concentration 

of  the  Missouri  Iron  Ores  of  Iron  Mountain  and  Pilot  Knob.  Cooperative 

paper  of  the  U.  S.  Bureau  of  Mines  and  the  Missouri  School  of  Mines  and 

Metallurgy,  University  of  Missouri,  Bull.,  vol.  11,  No.  3,  1930,  38  pp. 

DeVaney,  F.  D.,  and  Clemmer,  J.  B.  Concentration  Tests  on 
the  Manganiferous  Iron  Ores  of  the  Cuyuna  District,  Minnesota.  Rept. 
of  Investigations  3045,  Bureau  of  Mines,  1930,  9  pp. 
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DeVaney,  F.  D.,  and  Coghill,  W.  H.  Concentration  Tests  on 
Tailings  from  the  Washing  Plants  of  the  Mesabi  Range,  Minnesota.  Rept. 
of  Investigations  3052,  Bureau  of  Mines,  1930,  23  pp. 

Fahrenwald,  A.  W.  Grinding  and  Classification.-  I.  Batch 
Grinding.  Rept.  of  Investigations  2989,  Bureau  of  Mines,  1930,  9  pp. 

_ _  Grinding  and  Classification.-  II.  Batch 

Closed  Circuit  Grinding.  Rept.  of  Investigations  2990,  Bureau  of  Mines 
1930,  11  pp. 

Fahrenwald,  A.  W.,  and  Staley,  W.  W.  The  Power  Consumed  by 
Rotating  Disks  and  Other  Shaped  Objects  in  Fluid  Mediums.  Rept.  of  In¬ 
vestigations  3006,  Bureau  of  Mines,  1930,  7  pp. 

Gaudin,  A.  M.,  Haynes,  C.  B.,  and  Haas,  E.  C.  Flotation  Fun¬ 
damentals  (IV).  Coop.  Tech.  Paper  7,  U.  S.  Bureau  of  Mines  and  Univer¬ 
sity  of  Utah,  1930,  40  pp. 

Gaudin,  A.  M.,  and  Anderson,  A.  E.  Flotation  Fundamentals 
(V).  Coop.  Tech.  Paper,  U.  S.  Bureau  of  Mines  and  University  of  Utah, 

9,  1930,  25  pp. 

Iron  and  Steel : 

The  investigation  on  the  physical  chemistry  of  steel  making  has  proceeded  with 
very  interesting  results,  which  have  been  published  in  a  series  of  papers.  Blast  furnace 
operation  has  also  been  studied,  and  papers  published  covering  resistance  of  ores  to  de¬ 
crepitation  and  studies  of  gas  flow  and  heat  transfer  in  the  blast  furnace.  The  present 
status  of  the  sponge-iron  process  has  been  summarized  by  Barrett. 

Barrett,  E.  P.  Sponge  Iron  and  Its  Relation  to  the  Steel  In¬ 
dustry.  Min.  and  Met.,  vol.  11,  1930,  pp .  395-396.  Abstract  entitled 
"Sponge  Iron  Process  Not  a  Competitor  of  the  Blast  Furnace,"  Iron  Age, 
vol.  126,  No.  26,  1930,  p.  1901. 

Furnas,  C.  C.  Heat  Transfer  from  a  Gas  Stream  to  a  Bed  of 
Broken  Solids  (II).  Ind.  and  Eng.  Chem.,  vol.  22,  1930,  pp.  721-731. 

Herty,  C.  H.,  jr.  Fundamental  and  Applied  Research  on  the 
Physical  Chemistry  of  Steel  Making.  Rept.  of  Investigations  3054,  Bu¬ 
reau  of  Mines,  December,  1930,  12  pp.  Metals  and  Alloys,  vol.  1,  1930, 
pp .  883-889 . 


_  Iron  and  Steel  Metallurgy.  Annual  Survey 

of  American  Chemistry,  vol.  4,  1930,  pp.  160-165. 

Herty,  C.  H.,  jr.,  Christopher,  C.  F.,  and  Stewart,  R.  W. 
The  Physical  Chemistry  of  Steel  Making:  Deoxidation  with  Silicon  in 
the  Basic  Open-Hearth  Process.  Coop.  Bull.  38,  U.  S.  Bureau  of  Mines, 
the  Mining  and  .Metallurgical  Advisory  Boards,  and  the  Carnegie  Insti¬ 
tute  of  Technology,  1930,  172  pp. 
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Herty,  C.  H.,  jr.,  Fitterer,  G.  R.,  and  Byrns,  J.  NI.  The 
Physical  Chemistry  of  Steel  Making:  Deoxidation  of  Steel  with  Alumi¬ 
num.  Coop.  Bull.  46,  U.  S.  Bureau  of  Mines,  the  Mining  and  Metallurg¬ 
ical  Advisory  Boards,  and  the  Carnegie  Institute  of  Technology,  1930, 
45  pp. 


Herty,  C.  H.,  jr.,  Gaines,  J.  M.,  Freeman,  H.  and  Lightner, 

M.  7/.  A  New  Method  for  Determining  Iron  Oxide  in  Liquid  Steel.  Trans. 

Am.  Inst.  Min.  and  Met.  Engrs.,  Iron  and  Steel  Division,  1930,  pp.  28- 

38;  Am.  Inst.  Min.  and  Met.  Engrs.  Tech.  Pub.  311,  1930,  13  pp.;  Ab-  > 

struct  in  Blast  Furnace  and  Steel  Plant,  vol.  18,  1930,  pp .  468-71. 

Herty,  C.  H.,  jr.,  Hartgen,  F.  A.,  Heidish,  J.  A.,  Metcalf, 

K.,  Norris,  F.  G.,  and  Royer,  M.  B.  Temperature-Viscosity  Relations  in 
the  Lime-Silica  System.  Coop.  Bull.  47,  U.  S.  Bureau  of  Mines,  the 
Mining  and  Metallurgical  Advisory  Boards,  and  the  Carnegie  Institute  of 
Technology,  1930,  27  pp. 

Joseph,  T.  L.,  and  Barrett,  E.  P.  The  Resistance  of  Iron 
Ores  to  Decrepitation  and  Mechanical  Work.  Am.  Inst.  Min.  and  Met. 

Eng.,  Tech.  Pub.  372,  1930,  15  pp. 

Hvdrometallurgy : 

The  work  on  leaching  copper  ores  has  been  continued.  The  outstanding  development 
is  the  leaching  of  slimes  by  agglomeration. 

Keyes,  H.  E.  Innovations  in  Copper  Leaching  Employing  Ferric 
Sulphate-Sulphuric  Acid.  Bull.  321,  Bureau  of  Mines,  1930,  67  pp.,  20 
cents . 

Sullivan,  J.  D.  The  Chemistry  of  Leaching  Chalcocite.  Tech. 

Paper  473,  Bureau  of  Mines,  1930,  24  pp .  10  cents. 

_  The  Chemistry  of  Leaohing  Bornite.  Tech. 

Paper  486,  Bureau  of  Mines,  1930,  20  pp . 

_  The  Chemistry  of  Leaching  Covellite.  Tech. 

Paper  487,  Bureau  of  Mines,  1930,  18  pp .  5  cents. 

_  Apparatus  for  Circulating  Liquids.  Eng.  and 

Min.  Jour.,  vol.  130,  1930,  p.  389. 

Sullivan,  J.  D.,  Oldright,  G.  L.,  and  Keck,  W.  E.  Method  for 
Measuring  Voids  in  Porous  Materials.  Rept.  of  Investigations  3047, 

Bureau  of  Mines,  1930,  8  pp. 

Sullivan,  J.  D.,  and  Towne,  A.  P.  Agglomeration  and  Leaching 
of  Slimes  and  Other  Finely-Divided  Ores.  Bull.  329,  Bureau  of  Mines, 

1930,  60  pp.,  15  cents. 
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Manganese  Investigations: 

Investigation  of  both  pyrometallurgioal  and  hydrometallurgioal  methods  of  recover¬ 
ing  manganese  from  domestic  ores  has  been  continued  and  progress  reports  have  been  published 
covering  certain  phases  of  both  processes. 

Davis,  C.  W.  Dissolution  of  Various  Manganese  Minerals. 

Rept.  of  Investigations  3024,  Bureau  of  Mines,  1930,  11  pp. 

_  The  Action  of  Sulphur  Dioxide  on  Manganese  Ox¬ 
ides  at  Elevated  Temperatures.  Rept.  of  Investigations  3033,  Bureau  of 
Mines,  1930,  16  pp. 

Healey,  M.  V.,  and  Johns,  A.  L.  Selected  Bibliography  and 
Map  of  Manganese  Deposits  of  the  United  States  by  Districts.  Inf.  Cir. 

6274,  Bureau  of  Mines,  1930,  19  pp . 

Herty,  C.  H.,  jr.,  Conley,  J.  E.,  and  Royer,  M.  B.  Study  of 
High-Manganese  Slags  in  Relation  to  the  Treatment  of  Low-Grade  Mangani- 
ferous  Ores.  Rept.  of  Investigations  3048,  Bureau  of  Mines,  1930,  4  pp 

Joseph,  T.  L.,  Barrett,  E.  P.,  and  Wood,  C.  E.  Experiments 

Demonstrate  Method  of  Producing  Artificial  Manganese  Ores.  Am.  Inst. 

Min.  and  Met.  Engrs.,  Tech.  Pub.  310,  1930,  29  pp.  Extract  in  Iron 

Age,  vol.  125,  1930,  pp .  723-724;  Blast  Furnace  and  Steel  Plant,  vol. 

18,  1930,  pp .  631-7;  Abstracted  in  Iron  and  Coal  Trades  Rev.,  vol.  120, 

No.  3243,  1930,  pp.  686-687. 

Rare  and  Precious  Metals  Investigations : 

The  bureau  has  been  very  active  in  the  department  of  rare  and  precious  metals,  and 
work,  on  a  wide  variety  of  subjects  has  been  reported.  The  report  on  processes  of  extracting 
radium  from  carnotite  prepared  for  the  House  Committee  on  Mines  and  Mining  is  to  be  particu¬ 
larly  mentioned. 


Doerner,  H.  A.  Processes  for  Extracting  Radium  from  Carno¬ 
tite.  Rept.  of  Investigations  3057,  Bureau  of  Mines,  1930,  35  pp. 

_  Concentration  of  Chromite.  Rept.  of  Investi¬ 
gations  3049,  Bureau  of  Mines,  1930,  8  pp . 

_  The  Roasting  of  Chromite  Ores  to  Produce 

Chromates.  Rept.  of  Investigations  2999,  Bureau  of  Mines,  1930,  30  pp. 

_  Notes  on  the  Determination  of  Molybdenum. 

Inf.  Cir.  6335,  Bureau  of  Mines,  1930,  3  pp. 

_  Possibilities  of  Production  of  Radium  and 

Vanadium  from  Carnotite.  Ind.  and  Eng.  Chem.,  vol.  22,  1930,  pp.  185- 
189. 
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Keck,  W.  E.,  Oldright,  G.  L.,  and  Shelton,  F.  K.  A  Method 
for  the  Determination  of  Cadmium  in  Mill  and  Smelter  Products.  Coop. 
Tech.  Paper  12,  Bureau  of  Mines  and  University  of  Utah,  1930,  15  pp. 

Leaver,  E.  S.,  and  Woolf,  J.  A.  In  Reply  to  Communication  of 
E.  H.  Hamilton  on  Paper  on  Metallurgy  of  Mother  Lode  of  California  Car¬ 
bonaceous  Ores.  Eng.  and  Min.  Jour.,  vol.  130,  1930,  pp .  32-33. 

_  Retreatment  of  Mother  Lode 

Carbonaceous  Slime  Tails.  Rept.  of  Investigations  2998,  Bureau  of 
Mines,  1930,  6  pp. 


_  Retreatment  of  Mother  Lode 

(California)  Carbonaceous  Slime  Tailings.  Tech.  Paper  481,  Bureau  of 
Mines,  1930,  20  pp.  5  cents. 

Nonferrous  Metals: 

Work  on  lead,  zinc,  copper,  and  quicksilver  has  been  continued.  The  work  on  the 
fundamentals  of  zinc  metallurgy  has  been  brought  to  completion  and  summarized  in  a  bulletin 
by  C.  G.  Maier. 


Maier,  C.  G.  Zinc  Smelting  from  a  Chemical  and  Thermodynamic 
Viewpoint.  Bull.  324,  Bureau  of  Mines,  1930,  93  pp.  20  cents. 

_  The  Present  Status  of  our  Quicksilver  Industry. 

Trans.  Am.  Inst,  of  Min.  and  Met.  Engrs.,  1930,  pp.  299-312.  Am.  Inst. 

Min.  and  Met.  Eng.,  Tech.  Pub.  264,  1930,  pp.  19-32. 

Laboratory  Apparatus  and  Methods: 

In  the  course  of  its  laboratory  work,  new  devices  are  frequently  evolved  by  the 
bureau.  Three  such  improvements  have  been  described  by  Maier  this  year  and  one  by  Head  and  Slavin. 

Head,  R.  E.,  and  Slavin,  M.  A  New  Development  in  the  Prepa¬ 
ration  of  Briquetted  Mineral  Grains.  Coop.  Tech.  Paper  10,  Bureau  of 
Mines  and  University  of  Utah,  1930,  11  pp. 

Maier,  C.  G.  Magnetic  Switches  in  Regulatory  Circuits.  Ind. 
and  Eng.  Chem.,  Analytical  Ed.,  vol.  2,  1930,  p.  258. 

_  Resistance  Thermometers  for  Chemists.  Jour. 

Phys.  Chem.,  vol.  34,  1930,  p.  2860-2868. 

_  Cement  for  Silica-Glass  Joints.  Ind.  and  Eng. 

Chem.,  Analytical  Ed.,  vol.  2,  1930,  p.  337. 

Discussions : 


The  following  discussions  of  papers  in  the  technical  press  have  been  published: 
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Maier,  C.  G.  Correspondence  on  Page  402  of  April  Issue  of 
Industrial  and  Engineering  Chemistry  Concerning  Question  of  Decomposi¬ 
tion  of  Steam  by  Metallic  Copper.  Ind.  and  Eng.  Chem.,  vol.  22,  1930, 
p.  916. 


_  Discussion  of  Electrolytic  Iron  from  Sulphide 

Ores,  by  R.  D.  Pike  et  al .  Trans.  Iron  and  Steel  Div.  of  Am.  Inst. 

Min.  and  Met.  Eng.,  1930,  p.  344. 

_  Discussion  of  Am.  Inst.  Min.  and  Met.  Engrs. 

Tech.  Pub.  270,  A  Theory  Concerning  Gases  in  Refined  Copper,  by  A.  E. 

Wells  and  R.  C.  Dalzell.  Trans.  Am.  Inst.  Min.  and  Met.  Eng.,  Insti¬ 
tute  of  Metals  Division,  1930,  pp.  364-366. 

A  limited  number  of  most  of  the  Bureau  of  Mines  reports  of  investigations  and  in¬ 
formation  circulars  are  available  for  free  distribution.  If  you  wish  to  obtain  copies  of 
such  publications,  address  the  Publications  Section,  U.  S.  Bureau  of  Mines,  Washington,  D.  C. 
Bureau  of  Mines  bulletins  and  technical  papers  can  be  obtained  only  from  the  Superintendent 
of  Documents,  Government  Printing  Office,  Washington,  D.  C.,  at  the  prices  indicated.  Co¬ 
operative  papers  of  the  Bureau  of  Mines  and  a  university  must  be  obtained  through  application 
to  the  cooperating  university.  As  no  provision  is  made  for  supplying  the  Bureau  of  Mines 
with  reprints  of  articles  appearing  in  the  technical  press,  such  articles  will  have  to  be 
consulted  in  the  journals  in  which  they  appear. 
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li^OBMATIOH  CIRCJLAH 

D3PAElTI,Ii:iJT  OF  COIAGHCE  -  BUI-iEAU  OF  MIMES 


kBIIUG  M1[7S  OF  JluIIGARY^ 

E.  p. 

PPJIFA'TOP.Y  ilOTE 

This  paper  is  one  of  a,  series  of  dij^ests  of  foreign  mining  legisla¬ 
tion  and  court  decisions  that  is  "being  pre-Ocn’cd  in  advance  of  a  general  rcuort 
relative  to  the  right  of  American  citizens  to  explore  for  minerals  and  to  ovn 
and  operate  mines  in  various  foreign  counbries.  This  interpreta,tion  of  the 
lav7S  of  Hungary  \7as  prepared  from  information  furnished  "by  Nicholas  Roosevelt, 
Asnrican  minister  at  Budapest,  in  response  to  a  questionnaire  submitted  by  the 
United  States  Bui-eau  of  Mines  and  transmitted  through  the  co-'ortesy  of  the 
Department  of  Sta,te.  Additional  informa.tion  vras  obtained  from  W.  A.  Hodpman, 
Anerican  coranercial  attaxhe,  also  a,t  Budapest,  whose  report  ras  made  a,vaP-la,ble 
through  the  courtesy  of  the  commercial  laws  division  of  the  Bureau  of  Foreign 
and  Domestic  Goimnerce. 


IHTRODUCTIOM 


Tlie  mining  laws  referred  to  by  those  who  furnished  the  reports  men¬ 
tioned  in  the  preceding  paragraph  are:  Genera,!  Austrian  Mining  Law  of  1054 
and  the  Law  of  1SG8,  wiiich  prescribes  for  Hungary  (as  well  as  for  Transylvania) 
the  full  text  and  decisions  of  the  General  Austrian  Mining  Law;  Governi"ent  De¬ 
cree  18o46,  1859;  Parliamentary  Decree  of  1851;  the  Law  of  1871;  the  Commercial 
Code,  Law  37  of  1875;  the  Industrial  Law  of  1884;  the  Law  of  1386;  the  Decree 
of  the  High  Court  of  Justice,  5540,  of  1099;  Lars  6  and  7  of  1911;  Law  of  1921; 
Laws  23  and  24  of  1922;  La^ws  5  and  21  of  1927;  and  Law  40  of  1928.  (Law  21  of 
1927  and  Law  40  of  1923  are  la,bor  laws.) 


A  compilation  of  the  mining  laws  of  Hungary,  ^Magyar  Banya*  Jog,”  or 
the  "nongaria:!  Mining  Law,”  wan  niade  use  of  in  'oart.  Thi^  volume  is  the  second 
edition  of  a  school  textbooh,  which  rc,s  prepared  by  Dr.  Bela.  Baikal’’  a:^id  Dr. 

Liire  Szcohe,  and  wnich  was  published  bj''  the  Apollo  press  (V.  ,  Sas-utca  13, 
Budapest)  in  1909. 


1  Tlie  Bureau  of  Mines  v/ill  welcoi.:e  the  rcorinting  of  this  "oa-per,  provided  the 

following  footnote  aclniowledgment  is  used:  "Reprinted  from  U*  S.  Bureau 
of  Mines  Informtion  Circular  6450.” 

2  Rare  metals  and  nonmetals  division. 
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HIGHIJS  03?  3?OE3IG?E3ES 


Americans,  as 


.  ,  C.O  rail  c’.ir  all  ether  foreigners,  ."re  -oermitted  to  i^colore, 

V  0 

;0\7n  ?nd  o-oerate  nines  in  Kim’'’:oX7  "on  the  sane  terns  as  those  -orescrihed  for 
Hungexiani  citisens,  except  thr.t  a  lereignsi'  reust  annoint  cji  Hnnigarian  national 
as  his  agent  aeid  ijU-st  report  his  ne.ae  to  the  reining  authority  halving  "first- 
instance  jurisdiction"  in  the  district  in  riaich  the  ininc  is  situated,  in  ^hich 
district  the  agent  :.iust  reside. 


The  la.v  granting  eq^eal  rights  to  all  in  connection  -pith  6Xplorai5.ion 
and  with.  .  the  ovTnership  of  irines  is  comprised  in  paragra-phs  7  and  8  of  the 
Paxlicmentary  Decree  of  1851.  rnro-Of'^jh  the  Commercial  La^v;  of  1875  (par.  210), 
aJso,  foreigners  arre  given  equa,l  rights  rith  Hungarians  through  the  permission 
granted  to  them  to  ta:.:e  part  in  the  commerce  and  ind.ustry  of  Hungary  (as 
mining  in  general  relates  to  industrial  production). 

Foreigners  are  liahle,  with  respect  to  v.'ining  enterprises,  to  the 
s.ai:;e  taxes  and  duties  as  Bxe  Hruagamian  citiaens. 

An  individual  or  private  O’-Tiier  need  not  incorporate;  hut  firms  must 
incorpora,te,  according  to  article  210  of  the  Co:mmerciaJ  Code  (Law  37  of  1875). 
A  foreign  corporation  iirust  have  an  agoncj'’  on  the  -'property,  and  this  agency 
must  he  registered  rith  the  local  court  of  justic::. 

Tne  law  does  not  designate  that  a,  certain  percentage  of  ownership 
shall  rest  with  Hiuigarian  na.tionals. 


CLASS  IF ICAl'IOH  OF  I.IIiLSA^S 


According  to  article  3  of  the  Hungarian  Mining  Law,  minerals  are 
classed  a.s  "free,"  "monopolistic,"  and  "those  tha.t  may  oo  ]nined  witn  the 
permission  oi  the  owner." 

"Free  minerals"  are  those  tho.t  "rnixy  he  used  because  they  contain 
metals,  sulphror,  alun,  iron  or  copper  s^.:lphate,  liquid  sulpliates ,  graphite, 
and  ha^uxitc."  These  may  he  searched  for  freely — oha^t  is,  under  permits  ob¬ 
tained  from  local  mining  authorities. 


"Monopolistic  m.ineralG"  include  comaon  salt  (which  is  uider  er.clu- 
sive  Ooveruoent  monopoly),  pota.sh  (Imili  salt),  natural  gas,  mineral  oil,  and 
"ozoherite"  (ozocerite).  These  maj’’  he  explored  under  a  special  agreement 
ritli  the  State,  previously  ohta,ined. 


"Minerals  tha.t  may  he  mined  with  the  permission  of  the  oraer"  in¬ 
clude  all  not  classed  a.s  "monopolistic"  or  "free."  Their  extraction  falls 
not  uoder  mining  hut  under  trades  and  is  subject  to  the  provisions  of  the 
Tra.de  Law. 


-  ^  - 
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Coal,  Fhicli  may  not  be  mined  exce-pt  rith  the  permission  of  the 
sirrface  omer,  is  governed  by  saocial  legisla-tion.  (See  section  of  this 
'oaper  entitled  "Special  Provisions  with  Eeipard  to  Coal.”) 

OmURSHIP  OP  MlhllEALS 

As  he,s  been  indicated  ‘ander  the  section  of  this  paper  entitled 
"Classification  of  Minerals,"  the  three  general  principles  of  otTnership  of 
minerals  are  involved  in  the  raining  laws  of  fn-tngc-zy,  as  follows; 

P.egaJ.ity.-  The  State  owns  salt  (corriiion  and  potash),  natural  gas, 
mineraJ  oil,  and  ozocerite  (monopolistic  minerals). 

Res  nullius.-  "Minerals  that  may  be  ^^sed  because  they  contain 
metals,  sulphur,  alum,  iron  or  copuer  sulphates,  liquid  sul-phates, 
gra-Tdiite,  and  bauxite"  (free  minerals)  may  be  mined  by  any  one, 
provided  he  has  obtained  a  'oermit  from  the  mining  authorities  and 
complied  with  the  other  provisions  of  the  lar. 

Co'mnon-  law  the  cry .  -  All  minerals  not  cla.ssed  as  "monopolistic" 
or  "free"  are  the  property  of  the  owner  of  the  soil,  vho  may  bargain 
for  their  exploration  and  exploitation,  under  the  provisions  of  the 
Trade  Law. 

PB.CSPECTIhG  Am)  MlhlRG  PERI/IITS 


A  prospecting  permit  may  be  general  (preliminary)  or  exclusive. 

A  general  permit  is  issued  for  the  entire  district  over  which  the  mining 
authority  "of  first  instance"  has  jurisdiction.  An  exclusive  perr.it  covers 
a  circle  having  a  specified  radius  and  having  its  center  a,t  the  point  where 
the  mineral  has  been  discovered.  (Axt.  14,  Hungarian  Mining  Law.)  A  pros¬ 
pecting  license  is  vaJid  for  one  year  from  the  day  upon  mich  the  claiiu  is 
filed,  and  it  may  be  renewed  from  year  to  year.  (Art.  16,  Hungarian  Mining 
Lar. ) 


A  permit  to  mine,  called  "a.  mining-lease  donation,"  is  granted  bj'’ 
a  donation  act  of  the  Government.  (Art.  40,  Humgarian  Mining  Law.)  It  con¬ 
veys  the  exiiloring  right  and  even  the  or/nership  of  the  mine.  Tliis  oraership 
corresponds  fully  with  the  ownership  provisions  of  the  Private  Law,  exceut 
tnat  mine  gra^ats  niay  be  cancelled  by  the  authorities.  Tne  du'ation  of  a 
grant  for  the  mining  of  "free  minerals"  aud  coal  is  indefinite — as  long-  as 
the  minerals  are  mined.  Such  a  grant,  of  course,  does  not  require  renewal. 

A  concession  to  mine  the  minerals  reserved  to  tne  State  may  be  ILxitcd  by 
the  agree-ment  between  the  Sta,te  and  the  grantee;  likewise,  renewal  deoends 
upon  the  Government. 
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/  ■  ■  iniTDIO  AUTI-miTOS 

Divisional  mine  inspectors  (...iine  captaincies)  have  the  authority, 
in  the  first  instance,  to  issue  -orospectinjS  oermits;  they  liheuise  p^rant  min¬ 
ing  -permits,  exce-it  in  the  case  of  the  so-called  ’'mo'no-polistic  minerals;*’’ 
riiich  are  under  the  authority  of  the  ministry  of  Pinf.nce,  rhich  is  the  high¬ 
est  mining  authority. 

l.'ining  authorities  do  not  have  the  right  to  refuse  a  -ocr'-iit  to  an 
au"5licant  that  has  complied  rith  the  requirements  of  the  law. 

liie  duties  aad  the  povers  of  m.ine  officials  are  contaJ.ncd  in  amticle 
31  of  the  La.Tr  of  1371. 

3^.ght  courts  of  Justice,  endoved  uitli  the  duties  of  mine  trih-unals, 
in  the  several  divisions  of  the  co-untry  have  supervision  over  mining  authori¬ 
ties  and  mining  I'lia-tters.  (Art.  31,  Lav^  of  1871.) 

SIZE  Or.pIiOSPLCTIi^G  Ai-ID  ..xINIHG  APSiiS 

A  general  exploring  permit  covers  a,  wliole  miniigg  district  (see  sec¬ 
tion  of  this  paper  entitled  ’’Permits”).  An  exclxisive  c:cploring  permit  covers 
a  circle  having  a  radius  of  424.812  meters  and  having  its  center  at  the  point 
Trhere  the  mfneral  ha,s  hcen  discovered  and  re-ported  the  pros'pector.  Tlie 
iiumoer  of  circles  that  l  ap/  he  granted  to  one  prospector  is  not  lunited. 

(Art.  19,  Hungarian  Mining  Lav.) 

A  mining  anea  for  a  single  worming  of  coal,  nat-ural  ga.s,  mineraJ 
oil,  and  ozc&erite  iaay  he  360,931.2  square  meters;  for  the  ’’free  minerals” 
the  anea  .oay  he  180,465.6  squa.re  meters.  (Art.  42  and  47,  Hungarian  Mining 
Law. ) 

.tUALIPICATIOl'TS  OF  PSRl.HflEES 

The  legal  requirements  of  a'Tolicants  for  ownership,  -oossession,  or 
lease  are  almost  the  same  as  those  prescribed  in  the  II-unga,rian  Privr;,te  Law. 

An  age  lii'nit  is  not  prescrihed,,  a.lthougji  -minors  may  ex'olore  or  ovn  mines  only 
through  their  legal  guardians.  The  amo-unt  of  cauita.l  is  not  s-pecified. 
Paragra-qhs  218  and  219  of  the  Genera.l  Austrian  Mining  Law  decree  that  the 
operator  -must  have  a  commercial  re-qrese-ntative  endowed  with  -full  res-ponsi- 
hilitj/-  in  the  -place  where  the  mining  is  being  carried  on.  An  e::-)ert  engineer 
or  mine  s-pecia.list  ;  ust  he  provided  to  supervise  the  wor?.:. 


PHIOHITY  AIGHTS 

The  explorer  of  "free  minerals"  by  -prospecting  enquires  the  exclu¬ 
sive  priority  right  to  obtain  a.  mining  concession.  A  license  to  mine  coal 
ma..}^  he  granted  o-nly  with  the  consent  of  the  owner  of  the  laud.  The  license 
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to  nine  potnsh.  salt,  natural  -ras,  mineral  oil,  and  ozocerite  may  "be  granted 
only  in  the  name  of  the  State,  h-at  the  Goveriiment  may  give  to  others  the 
right  to  mine  txiose  so-called  '’raoncoolistic  minerals.” 


RIGHTS  jU©  OBLIG-ATIOI^S  OP  FiCRldlTTSES 


A  license  gives  a,  pros'oector  a  personal  and  exclusive  right,  vhich 
the  landoTOier  may  not  refuse.  If  the  prospector  can  not  copae  to  an  agreement 
v'ith  the  surface  ovner  eoncerni:ig  the  occaprcion  of  the  land  necessary  for 
prospecting,  c-rticle  93  of  the  Mining  Lavr  entitles  him  to  apply  for  ex;oro- 
priation  rights.  In  the  case  of  expropriation,  the  authorities  fix  the  air-ount 
of  yearly  rental  and  damages.  (Otherrioe  the  contract  hetreen  the  landormer 
and  the  permit  iiolder  settles  the  sums  to  he  Pa,id  for  rental  and  dairages.) 

Land  can  not  he  fully  expropriated  against  a  limnp-sum  pa,yment  except  with  the 
owner's  consent.  (Art.  ioo,  Hungarian  Mining  Law.) 

Without  the  owner's  permission,  no  -^prospecting  is  allowed  vnthxn 
certain  distances  of  dwellings  or  other  buildings  or  within  courtyards  or 
other  fenced-in  territories.  (Art.  17,  Hungarian  Mining  Law.) 

A  permit  is  req\iired  to  pros'oect  with5n  certain  distaiices  of 
cemeteries,  -oublic  roads,  railroads,  wnterworhs,  and  frontiers.  (Art.  18, 
Hungarian  Mining  Lava  )  A  special  permit  or  agreei-xent  with  respect  to  the  use 
of  roads,  v/ater,  et  cetera,  is  required,  the  -points  of  agreeine-nt  being  covered 
in  the  official  license. 

To  a  landowner  requesti'ng  it,  a  prospector  must  furnish  securitj’’ 
for  the  first  30  days  of  -pros-oectiiig.  (Art.  43,  Lo,w  of  1368.) 

Personal  differences  end  protests  are  under  the  authority  of  the 
Private  Law. 


WORM  REQ,UIRSD 

The  law  requires  exploration  work  to  be  continuous;  fehlure  to 
carry  on  the  work  for  one  ^jeer  may  result  in  the  cancellation  of  the  permit. 
(Art.  130  to  182  of  the  General  Austrian  Mining  Law.)  If  the  prospector  has 
the  right  to  seench  for  minerals  in  several  circles,  and  if  similar  deposits 
ocGui'  in  all  the  search  circles,  he  may  concentrate  the  work  into  one  circle, 
with  the  permission  of  the  mining  a’utnoritios.  (Art.  174,  Hungarian  Mining 
Law. ) 


TIlARSFIIRS 

Tlie  right  to  mine  coa.1  and  the  ''free  minerals"  may  be  transferred, 
with  the  ap-proval  of  the  mining  authorities,  -provided  the  interested  persons 
are  legally  com'oetent;  but  the  concession  granted  for  the  mining  of  "mono-holis¬ 
tic  minerals"  (see  section  of  tnis  paper  entitled  " Classif ication  of  Minerals") 
may  be  traiisferred  only  with  the  permission  of  the  State — that  is,  of  the 
Hungaxian  Parliament.  (Art.  122,  Hungarian  Mining  Law.  )  Changes  in  leasehold 
or  ovnership  must  be  entered  in  the  public  register  of  mining  areas.  (Art. 

108  to  133  of  the  General  Austrian  Mining  Law. ) 
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CAI'JCELLATIOi’f 

A  grant  for  the  mining  of  free  minerals  and  coal  may  not  be  cancelled 
by  the  mining  authorities  exceot  vrhen  the  ovuer  fails  to  comnlj’"  ?Tith  the  pro¬ 
visions  of  article  174  of  the  Mining  La,T7,  rhich  stipulates  tha.t  mines  must  be 
worhed  continuously  unless  suspension  of  ror!.:  is  sanctioned  bv  the  mining 
authorities. 

Cancellation  of  a  State  concession  denends  upon  the  tcr;;'S  of  the 
rg'r cement  bettreen  the  Government  and  the  grentee. 

SPECIAL  PEOVISIOES  WI'TK  EEGAED  TO  COAL 

Tiie  first  Government  decree  concerning  coal,  v;iiich  was  issued  .in 
1861,  declares  that  coal  riiay  not  be  exolored  on  private  Ic.nd  without  the  con¬ 
sent  of  the  surface  owner,  even  rhen  there  has  been  a  change  in  the  ownership 
of  the  land.  Paragraphs  284  and  285  of  the  General  Atistrian  l.'inin^-;  Law  con- 
firia  this  decision  and  obligate  the  exolorer  to  pay  a  low  renta.l  to  the  sur¬ 
face  owner. 


Decree  5540,  1899,  of  the  High  Court  of  Justice  provides  thait  a 
coal-mine  lea.se  shall  include  the  rights  of  rea,l  estate  because  of  the  close 
contact  between  land  and  subsoil.  But  if  the  license  conta.ins  no  agree  ment 
between  o^ner  and  explorer  concerning  possession,  leasehold,  and  related 
matters,  the  coal  license  is  protected  by  lur  in  the  same  way  that  any  movable 
object  is. 

Por  the  Governinent ’s  levy  on  coal,  see  sect:’' on  of  this  paper 
entitled  "Pees,  Rents  or  Roya-lties,  and  Ta:ces." 


PEES,  EELTS  OR  ROYALTIES,  ADD  TAXES 


The  general  Government  fee  for  each  exclusive  "search-circle"  pros¬ 
pecting  ar.ea  is  11  pengo^  annually;  for  each  inning  claim  it  is  22  pengo. 


The  .yearly  inspection  fee  for  a  single  worhing  area  of  coa.l,  na.tural 
gas,  mineral,  and  ozocerite  is  176  peiigd;  for  sulohur,  alwm,  iron  or  co-ower 
sulphate,  liquid  sulphates,  gra;ohite,  and  ba.wxite,  the  fee  for  a  single  v’orl:- 
ing  area  is  33  pei^o.  (Art.  42  and  47,  Hungaria-n  Mining  Law.) 


3  The  value  of  the  pengo  in  United  States  currency  in  1929  wa.s  17.4414  cents. 
The  pengo  is  a  new  "unit  (subdivided  into  100  filler),  adopted  by  the 
H^mgarian  Government  on  llov.  4,  1925,  auid  declared  in  force  on  Dec.  27, 
1926.  (The  pengo  was  eoual  to  12,500  pa.pcr  crowns.) 

-  o  - 
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i'o  rent,  or  royaltj^,  is  due  for  tlie  mining  of  the  "free  minerals." 
With  resuect  to  coal,  a  royalt3/-  is  due  to  the  surface  owier;  the  amount  defends 
upon  the  agreement  hetveen  the  interested  persons.  The  usua.l  royal t*'-  is  from 
to  5  per  cent  of  the  sales  price  at  the  pit,  depending  upon  the  quality  of 
the  coal.  The  amount  of  rent  due  for  a  State  concession  also  is  governed  ■b3'- 
a  personal  agreement  hetvreen  the  landovrner  and  the  explorer,  in  accordance 
uith  the  Private  Lau. 

Additional  rentals  are  levied  on  coal  lainds  (between  16  a,nd  GO 
filler  a  unit),  a,ccording  to  article  17,  Le-w  of  1921,  and  anticle  5,  Law  of 
1927. 


A  private  owner,  if  not  incorporated,  'oays  a  5-per  cent  earnings 
tax,  in  addition  to  a  personal  income  tax,  gra,duated  from  1  to  40  per  cent  of 
his  net  income.  An  incorporated  firm,  pays  a  5--per  cent  earnings  ta,x  and  a 
5  to  25  per  cent  corporation  tax.  (Lars  23  and  24  of  1922  and  Law  5  of  1927.) 


PEILULTES 


The  criminal  section  of  the  law  provides  for  the  punishment  of  any 
one  prospecting  v/ithout  a  permit,  exploring  in  an  area  not  granted,  e.'-rploring 
with  a.  permit  vhen  a  donation  act  is  required,  exioloriiig  before  a,  license  has 
been  received,  or  tra.nsf erring  worm  to  another  anea. 

MOiTOPOLILS 

Co.mnon  salt  seems  to  be  the  only  minera.l  that  is  the  subject  of  an 
absolute  Government  monopoly.  All  priva.te  under  talking  is  forbidden  in  salt 
mines.  The  section  of  the  la.w  tha.t  planes  minerals  in  different  categories 
lists  minera.l  oils,  naturaJ  gases,  potash  sa.lts,  et  cetera,  a.s  monopolies, 
nevertheless,  provision  is  made  elsewhere  for  the  granting  of  concessions  to 
private  persons  for  the  exploring  of  these  minerals. 


MISCELlAi^IEOUS 

Tne  Industrial  Law  of  1884  (ant.  17)  governs  the  industrial  side  of 
mining,  such  as  the  establishing  of  plants,  machine  houses,  timber  ATorhs, 
et  cetera. 


The  labor  laws  reouire  rish,  accident,  and  old-age  insurance.  (Law 
21  of  1927  and  Law  40  of  1923.) 

There  are  no  export  duties,  and  there  is  no  sales  control.  Special 
railwa.y  ra.tes  mav  be  granted. 

With  respect  to  juridical  matters,  mining  enterurises  and  trade 
companies  come  under  the  same  provisions. 


9116 


7 


t. 


Jt 


.r: 


•  ■ 


•  ■! 

( 

i 


i. 


June.  1931 


Q  G 

f> 

I.  c.  6451  3- 


Department  of  Commerce 


UNITED  STATES  BUREAU  OF  MINES 
Scott  Turner,  Director 


INFORMATION  CIRCULAR 


MINING  LAWS  OF  THE  NETHERLAND  EAST  INDIES 


(if 

i  19?? 


UNIViftu.n  of  lUmOIS 


BY 


E.  P.  Youngman 


A' vtr% 


.WW 

,  '  '.  .^i  p/  ■'*/ 

/'  .^‘f,J'  7'i‘'''''^'  V  ' ' . 'm^wumIHl. 

p  .ft  v  ^  >  •*!  '  <.<  I.  ian  ^  iTBaHHUA*  • 

aOi^aMMOD  ’fp  TpiaMTRMaa 


t 


aaniM  10  UAsnua*  aaTAre-aaiTmli  '■ 
•to'rajiind  .«3iiAiiT  Ttooa^V  * 

V 


f'f 

1 1 


.  b-,-? 

RAJUDfllD  VlOltA}»1flO?m 

5 


•■  V'  ■  i  '1  \''  jC  *-'  »'» 

.  ■'■  4>jw“ 

,  ,W;.'V.I-!W(  .a  ./An 

TaA3  a^VURSHT^H  ^HT,10  eWA4'^OHlMlM  ; 


vl*’’ 

■  -^jg  '■'■ 


V*  I.L‘» 'll 


JHt  H» 

'  '..4 


■•■•«- Ilk 


:  /  r'" 

V  “  'i  ^  Cfl 


*H>*iuirW  , 

i  i' I 

/S<  t*,*^ '.  s  /j-^  P?''  I 


1  •< 


V'A^ M 

*’  ■■  •' ,  ■*  .fv 

1'^ '  i'-'*  1 


I.  C.  6451 
Jime,  1931 


INTOEIA^'i-TION  CIUCULAR 
DEPARTMEiJT  OF  COMtIERCE— BUnHiU  OF  MIIJES 


MINING  LA17S  OF  THE  NETHERL’iND  E^iST  INEIESl 
By  E .  P .  Youngraan^ 

FRBFATORY  NOTE 


This  paper  presents  one  of  a  series  of  digests  of  foreign  mining  legis¬ 
lation  and  court  decisions  that  is  being  prepared  in  advance  of  a  general  re¬ 
port  relative  to  the  ri^ts  of  American  citizens  to  explore  for  minerals  and 
to  own  and  operate  mines  in  various  foreign  countries.  This  interpretation 
of  the  laws  of  the  Netherland  East  Indies  has  been  prepared  from  translations 
of  the  raining  laws  and  ordinances  now  in  force  in  that  country,'  submitted  by 
Coert  du  Bois,  American  consul  general,  at  Batavia,  Java,  and  obtained  through 
the  commercial  laws  division  of  the  Bureau  of  Foreign  and  Domestic  Commerce. 
This  abstract  has  been  checked  against  the  answers  made  by  Hallett  Johnson, 
American  charge^  d'affaires,  at  The  Hague,  to  a  questionnaire  prepared  by  the 
Bureau  of  Mines  and  transmitted  through  the  court esj’’  of  the  Department  of 
State. 

INTRODUCTION 

The  basic  raining  law  of  Netherland  India  is  contained  in  N.  I.  Statute 
1899,  No.  214,  as  amended  by  N.  I.  Statute  1910,  No.  588,  and  1919,  No.  4, 
which  is  quoted  as  the  "Indian  Mining  Law,"  the  effective  date  of  which  was 
fixed  as  May  8,  1907,  by  jiroclamation  dated  October  12,  1906.  The  Indian 
Mining  Law  was  supplemented  by  Ordinance  No*  38,  of  1930,  which  was  passed 
by  the  Volksraad  on  March  18,  1930,  to  become  effective  on  October  1,  1930 
(superseding  an  earlier  ordinance  entitled  "Government  Gazette,"  1906,  No. 
434).  An  important  law  with  respect  to  American  petroleum  rights.  Statute 
No.  23,  passed  February  9,  1928,  approving  contracts  between  the  Indian 
Government  and  the  Netherland  subsidiary  of  a  large  American  oil  company, 
is  in  the  nature  of  a  private  law  or  of  an  enabling  act  (see  section  of 
this  paper  entitled  "Rights  of  Foreigners").  Statute  1930,  No.  348,  effec- 


1  The  Bureau  of  Mines  will  welcome  the  reprinting  of  this  paper,  provided 
the  following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S. 
Bureau  of  Mines  Information  Circular  6451." 

2  Rare  metals  and  nonmetals  division. 
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tive  OctolDer  1,  1930,  sets  forth  in  minute  detail  conditions  under  which 
prospecting  and  raining  permits  may  he  granted.  Statute  1930,  Ho.  341,  ef¬ 
fective  October  1,  1930,  embodies  the  police  regulations  of  the  mining  in¬ 
dustry. 

All  citations  in  this  abstract  designated  by  numbers  alone 
the  Indian  Mining  Lp.w  of  May  8,  1907.  "M.  0.  38 »  refers  to  the 
raentary  ordinance  of  1950.  '^S.  23'^  refers  to  the  petroleum  law 
9,  1928,  Mere  mention  is  made  of  the  other  statutes  enumerated 
going  paragraph. 

miherais  subject  to  the  indiah  mihihg  laws 

The  following  minerals,  designated  in  the  Indian  Mining  Law  (sec.  1, 
art.  1)  as  those  that  the  holders  of  surface  rights  may  not  dispose  of,  are 
governed  by  this  law  and  supuleraentary  ordinances : 

(a)  Precious  stones,  grauhite,  platinum,  osmium,  iridium,  gold, 
silver,  mercury,  bismuth,  molybdenum,  tin,  txingsten,  lead,  copoer, 
zinc,  cadmium,  nickel,  cobalt,  chromium,  iron,  manganese',  antimony, 
arsenic,  and  strontiilm,  either  native  or  as  ore,  and  also-  other 
minerals  if  they  are  found  in  the  same  load  and  ”thus  have  to  be 
exploited  together”;  minerals  that  may  be  exploited  on  account  of 
their  sulphur  content  (including  the  making  of  alum) phosphates 
that  may  bfc  used  as  fertilizers;  saltpeter;  rock  sal t^  and  all  salts 
that  are  associated  therewith  in  the  same  deposit. 

(b)  Anthracite  and  all  kinds  of  pit  coal  and  brown  coal  (lignite); 
petroleum,  asphaltum  (mineral  pitch),  resin  (mineral  wax),  and  all 
other  kinds  of  bituminous  substances,  both  solid  and  liquid,  and  in¬ 
flammable  gases  (except  marsh  gases);  iodine  and  its  compounds. 

The  final  decision  as  to  whether  a  mineral  belongs  to  the  classes  men¬ 
tioned  in  the  preceding  paragraphs  rests  with  the  governor  general.  (Sec. 

2,  art.  1. ) 

SIGHTS  RESERVED  TO  THE  GOVERiJJfEHT 

Article  5a  of  the  Indian  Mining  Law  entitles  the  Government  to  have 
prospecting  and  developing  carried  out  wherever  such  work  would  not  inter¬ 
fere  with  ri^ts  granted  to  permit  holders  or  concessionaires.  The  Govern¬ 
ment  may  do  the  work  itself  or  may  enter  into  agreements  with  persoris  or 
companies  that  have  complied  with  the  provisions  of  the  law  with  respect 
to  citizenship  or  domicile.  Such  agreements,  unless  they  refer  exclusive¬ 
ly  to  prospecting  shall  not  be  entered  into  without  authority  of  law. 


3  Rock  salt,  however,  can  not  be  mined  except  at  places  not  subject  to  the 
salt  monopoly.  (Art.  5.) 


refer  to 
supple- 
of  February 
in  the  fore- 
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however.  The  decree  reserving  areas  or  parts  of  the  country  mtist  mention 
the  minerals  to  he  prospected  for  or  mined.  Article  23,  in  section  2a,  pro¬ 
vides  that  petroleum  and  allied  minerals,  which  come  under  subsection  (a), 
section  1,  article  1  (see  p.  .'1  of  this  pa-per) ,  may  be  rained  only  by  the  Gov¬ 
ernment  or  by  persons  or  companies  under  contract  with  the  Goverrment. 

EIGHTS  OF  PaL^IGITiDES 

The  language  of  the  law  itself  does  not  enpressly  discriminate  against 
foreigners,  although,  as  in  many  other  comitries,  foreigners  must  obtain 
domicile  rights,  and  com3)anies  not  ha-ving  their  seat  in  the  Netherlands  or 
the  I'Tetherland  Indies  must  have  their  representatives  there.  The  full  lan¬ 
guage  of  the  law  in  this  respect,  as  set  forth  in  article  4  of  the  Indian 
Mining  Law,  is. given  in  a  succeeding  paragraph. 

•*  r  ■  j  . 

With  respect  to  petroleum  rights,  at  least,  actual  reciprocity  between 
the  Nether ].and  Indies  and  the  .United  States  has  recently  been  clarified. 
Although  the  terms  of  the  law  seemed  to  pennit  the  a,cquiring  of  mineral 
leases  or  concessions  affecting  mineral  lands  in  the  Netherlands  or  her 
colonial  possessions  by  Asierican-owned  corporations  formed  under  the  la’^vs 
of  the  Netherlands  or  of  her  possessions,  repeated  applications  by  or  on 
behalf  of  American  interests  had  been  rejected,  although  the  NetherlcOnd 
Government  had  enjoyed  a  similar  right  in  the  United  States  for  a  number 
of  years  (since  1923).  As  a  result  of  diplomatic  exchanges  between  the 
two  Governments,  the  law  of  February  9,  1923  (S.  23)  was  passed,  author! z-  - 
ing  the  Minister  of  Colonies,  as  representing  the  ITetherland  Indies,  to 
sign  contracts  with  a  company  in  which  Ainerican  capital  is  heavily  interested, 
naicirg  it  possible  for  that  compa.nj''  to  exploit  important  petroleum  lands 
in  the  Netherland  Indies.  In  return,  the  United  States  Government  formally 
recognized  the  Netherlands  as  a  reciprocating  country  within  the  meaning  of 
the  United  States  Mineral  Leasing  Act  of  February  25,  1920. 

Althou^i  the  law  itself  does  not  discriminate  against  foreigners,  and 
article  5a  of  the  Indian  Mining  Law  er^ressly  authorizes  the  Indian  Govern¬ 
ment  to  reserve  lands  e.nd  to  enter  into  contracts  with  persons  or  companies 
for  the  exploration  of  the  land  and  the  exploitation  of  the  minerals  re¬ 
served  to  itself  (as  are  petroleum  and  allied  substances) ,  the  law  further 
provides,  in  the  same  article,  that  legislative  approval  must  be  obtained 
of  any  contracts  so  formed;  therefore,  American  rights  with  respect  to 
minerals  reserved  to  the  Government  depend  in  each  instance  upon  satisfac¬ 
tory  negotiations  with  the  Government , of.  the  Netherland  Indies  and  also, 
upon  favorable  parliamentary  action. 

Article  4  of  the  Indian  Mining  Law  reads  as  follows: 

1.  No  one  may  hold  prospecting  licenses  or  concessions,  except: 
a.  Full  citizens  of  the  Netherlands. 
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"b.  Those  domiciled  in  the  Netherlands  or  the  Netherland 
Indies  and  who  have  the  rights  of  domiciled  persons. 

c.  Companies,  which  have  their  seat  in  the  Netherlands  or  the 
^  Netherland  Indies,  and,  if  limited  liability  companies,  whose 
manager  or  director  (or  if  there  are  two,  both,  or  if  there  are 
more  managers,  the  majority,  as  well  as  the  majority  of  the  di¬ 
rectors)  and  if  firms  (partnerships).,  whether  with  working  or 
sleeping  partners,  whose  managing  partner  (or  if  there  are  two, 
both,  or  if  there  are  more  managing  partners,  the  majority  of 
them)  a,re  full  citizens  of  the  Netherlands  or  are  domiciled  in 
the  Netherland  Indies  and  have  full  ri^^^ts  of  domiciled  persons 
and,  if  the  latter,  at  the  same  time  reside  in  the  Netherland 
Indies  or  in  the  Netherlands,— 

On  condition  that  persons  that  are  not.  residing  or  companies 
that  ha.ve  no  seat  in  the  Netherland  Indies  shall  be  obliged  to 
have  a  duly  appointed  representative  there;  and  that  ..persons  re¬ 
siding  in  the  Netherland  Indies,  being  the  representatives  in  the 
Netherland  Indies  of  those  who  are  not  residing  in  the  Netherland 
Indies,  and  the  directors  who  are  residing  in  the  Netherland  Indies 
or  the  representatives  of  companies  that  have  their  seat  in  those 
Indies  or  in  the  Netherlands  be  entitled  to  reside  within  the 
province  or  provinces  in  which  the  prospecting  license  or  conces¬ 
sion  has  been  granted. 

2.  Applicants  for  a  prospecting  license  or  a  concession  shall  be 
obliged  to  fix  their  (legal)  domicile  during  the  life  of  the  license 
or  the  concession  and  for  all  matters  connected  therewith  at  the  head 
office  of  the  provincial  Government  within  which  the  prospecting  area 
or  the  concession  area  is  wholly  or  partly  situated. 

3.  The  rights  and  obligations  connected  with  a  prospecting  license, 
as  well  as  those  connected  with  a  concession,  revert  from  the  legal 
possessor  at  his  death  to  his  rightful  successor,  if  they  either  imme¬ 
diately  or  within  a  year  from  the  date  when  the  inheritance  became 
available  comply  with  the  provisions  of  this  article.  They  may  be 
assigned  within  the  yea-r  to  persons  or  companies  that  comply  with  the 
provisions  of  this  article  and  in  case  of  prospecting  licenses  observe 
the  stipulations  of  section  7  of  article  7  and  for  the  rest  on  condi¬ 
tion  of  sanction’s  being  obtained  from  the  governor  general. 

4.  Differences  as  to  whether  the  provisions  of  this  article  have 
oeen  complied  with  shall  be  decided  by  the  judge  in  the  manner  laid 
down  by  ordinance. 

The  following  paragraph  from  a  memorand-um,  dated  July  10,  1928,  ad¬ 
dressed  to  the  American  Minister  at  The  Hague  by  the  Dutch  Minister  for 
Foreign  Affairs,  sets  forth  the  official  attitude  of  the  Netherlands; 
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Her  Majesty’s  Government  has  no  intention  of  abandoning  the  open- 
door  policy  in  so  far  as  the  granting  of  rights  for  the  exploitation  of 
oil  lands  in  the  Netherland  Indies  is  concerned;  consequently,  the  op¬ 
portunity  will  remain  open  for  American  interests  to  participate  in  the 
exploitation  of  the  petrolenm  wealth  of  the  Nether land  Indies.  It  is, 
however,  understood  that  this  policy  does  not  imply  that  in  each  specific 
instance  of  the  granting  of  petroleum  rights  to  other  than  American 
interests  the  question  of  the  granting  of  identical  rights  to  American 
interests  can  be  raised,  •  . 

’  '  • 

One  condition  of  a  permit  or  a  concession  may  be  that  the  personnel 
working  on  the  estate  must  consist  partly  or  entirely  of  ITetlierland  subjects. 
(Art,  70,  M.  0.  38.)  According  to  Hallett  Johnson,  American  chargd^  d'affaires 
at  $he  Hague  (January  25, 1931),  the  usual  requirement  is  that  two-thirds  of 
the  onployees  must  be  Nether land  nationals.  .  • 

-  OWIIEHSHIP 

The  general  principles  of  the  ownership  of  minerals,  as  described  in 
raining  legislation,  are  as  follows: 

1.  Hegalitj’-,  according  to  which  minerals  belong  to  the  State, 
which  has  the  exclusive  right  to  extract  them  or  have  them  extracted. 

2.  Common-law  theory  of  ownership,  wherebj'  the  owner  of  the  sur¬ 
face  land  owns  also  the  subsoil.  ,  - 

3.  Ees  nullius,  the  theory  that  the  minerals  are  ovjned  bj’’  no 
one  and  that  the  rights  of  disposal  belong  to  the  discoverer,  within 
limits  imposed  by  law. 

In  the  East  Indian  Mining  Law  applications  of  all  three  theories  are 
found,  varying  with  the  nature  of  the  mineral,  as  well  as  with  the  reserva¬ 
tion  or  nonreservation  of  the  land. 

The  right  of  the  Government  to  reserve  land  and  control  all  minerals 
thereon  (which  is  exercised  fully  in  the  case  of  petroleom)  is  an  example 
of  the  theory  of  regality.  The  common-law  theory  of  ovmership  (adopted 
in  the  United  States)  has  but  slight  application  in  Nether land  Indies. 
Subsection  (a)  of  article  5  of  the  Indian  Mining  Law  exeupts  from  the  pro¬ 
visions  of  the  law  minerals  exploited  by  natives  (or  those  placed  on  the 
same  footing)  if  the  mining  is  done  on  a  small  scale  and  for  their  own  ac¬ 
count  and  profit.  The  third  theory  (res  nullius),  however,  is  the  one  gen¬ 
erally  applicable  to  minerals  other  than  coal  and  petroleum,  as  any  one,  by 
complying  with  the  conditions  of  the  law,  may  obtain  prospecting  and  mining 
permits,  and  the  owner  of  the  surfc-ce  may  not  prevent  such  operations  on 
his  land  by  a  licensee  of  the  Government. 
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PROSPECTING 

Application. — ^An  application  for  a  prospecting  pemit  is  made  to  the 
head  of  the  Mining  Service,  who  has  power  to  grant  or  refuse  the  petition, 
hut  whose  decision  is  subject  to  appeal  to  the  governor  general  of  the  East 
Indies.  The  application  must  he  in  the  form  prescribed  by  the  head  of  the 
Mining  Service.  It  must  be  accompanied  by  an  unstainped  copy,  certified  by 
the  applicant,  as  well  as  by  a  map  in  duplicate  and  by  e-ny  other’  required 
documents.  (Art.  12,  M.  0.  38).  Tlie  chief  of  the  Mining  Service  sliall  place 
on  both  copies  of  the  application  the  date  and  the  hour  of  their  receipt  and 
shall  return  one  copy  to  the  applicant.  (Sec.  2,  art.  7.)  Every 'applicant 
for  a  permit  must  present  documentary  evidence  that  he  has  complied  virith  the 
requirements  of  article  4  of  the  Indian  Mining  Law,  with  respect,  to  citizen¬ 
ship  or  domicile  rights.  (Art.  13,  M.  0.  38.)  The, chief  of  the  Mining  Ser¬ 
vice  publishes  in  the  Javasche  Courant  the  hours  during  which  daily  (except 
Sundays  and  holidaj’'s)  applications  will  be  received  by  him  or  by  another  of¬ 
ficer  appointed  for  that  purpose  (whose  appointment  also  is  published  in  the 
Javasche  Courant) .  Applications  received  at  hours  other  than  those  desig¬ 
nated  or  those  received  by  mail  are  considered  as  having  been  submitted  at 
the  oeginning  of  the  following  series  of  office  hours.  Applications  re¬ 
ceived  in  the  course  of  the  same  hour  are  considered  as  having  been  sub¬ 
mitted  simultaneously.  (Art.  10,  M.  0.  38.) 

The  right  to  prospect  a  given  area  may  be  granted  to  only  one  person 
or  one  company.  (Art,  77,  M.  0.  38.)  • 

Priority. — The  application  that  has  been  handed  in  first,  in  order  of 
date,  shall  have  preference.  Should  two  permits  be  aslced  for  simultaneously, 
for  the  same  area,  the  drawing  of  lots  decides  which  application  shall  have 
preference.  (Sec.  3,  art.  7;  sec.  1,  art.  22,  M.-O.  38.)  (Eor  further  de¬ 
tails,  see  sections  2  to  6,  inclusive,  art.  22,  M.  0.  38.)  Appeals  from  de¬ 
cisions  upon  applications  may  be  made  to  the  governor  general,  who  mo-y  set 
aside,  on  the  ground  of  equity,  the  provisions  with  respect  to  the  time  of 
the  receipt  of  applications.  (Sec.  5,  art.  7.) 

Protests  or  objections. — Those  who'have  a  ri.^t  to  the  land,  interested 
third  parties,  and  all  whose  interests  might  be  endangered  by  the  granting 
of  a  permit  may  submit  their  objections  to  the  head  of ■ the  provincial  admin¬ 
istration,  as  well  as  to  the  head  of  the  local  administration,  within  one 
month  after  the  application  for  a  permit -has  been  announced  and  within  two 
days  from  the  day  on  which  the  application  has  been  published  in  the  Javasche 
Courant.  Natives  and  foreign  orientals  may  lodge  their  protests  also  with 
the  nearest  proper  European  official  and  with  any  native  official  that  may 
have  been  det.ailed  for  that  purpose  by  the  head  of  the  local  administration. 
Natives  and  foreign  orientals  may  present  their  objections  verbally,  whereas 
all  others  must  make  their  protests  in  writing.  (Sec.  1,  art.  21,  M.  0.  38.) 
Further  details  are  given  in  sections  2  to  6  of  article  21  of  Mining  Ordi¬ 
nance  38.  The  applicant  for  a  permit  is  informed  by  the  head  of  the  Mining 
Service  of  any  objections  that  have  been  raised.  (Sec.  5,  art.  21,  M.  0.  38.) 
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Decree  granting;  permit. — A  certified  copy  of  the  decree  granting  a  per¬ 
mit  is  issued  to  the  applicant.  IJo  charge  is  made  other  than  stamp  duty  for 
the  first  copy.  (5ec.  1,  art.  26,  M.  0.  38.)  In  the  decree  granting  a  per¬ 
mit,  mention  must  he  m,ade  of  anj'-  ohjections  that  may  ^ave  been  made,  or 
specific  mention  must  be  made  of  the  fact  that  no  objections  have  been  raised. 
A  decree  refusing  a  permit  .must  contain  the  reasons  for  refusal,  (Sec.  1  and 
2,  art.  24,  M.  0,  38. ) 

Conditions  may  be  attached  to  the  license.  (Sec.  4,  art.  7.)  Statute 
1930,  ITo.  348  (October  1,  1930)  contains  the  most  recent  conditions  imposed 
upon  the  granting  of  a  prospecting  permit.  They  relate  to  the  furnishing  of 
information  with  respect  to  compliance  with  the  mining  laws;  the  supplying 
of  data  requested  in  an  investigation;  the  presenting  by  heirs  of  proof  of 
compliance  with  article  4  of  the  Indian  Mining  Law;  .the  reporting  of  changes 
in  personnel  of  companies;  the  recording  and  reporting  of  mining  activities 
and  mineral  production;  the  making  by  the  Government  of  appraisals  of  tax¬ 
able  commercial ■ products;  and  like  matters.  These  conditions  m&y  not  be 
altered  or  increased  in  number  so  long  as  the  perm.it  is  in  force,  except 
with  the  apprc/al  of  the  holder  the.reof.  (Sec.  1,  art.  69,  M.  0.  38.)  Ho 
new  or  altered  conditions  may  be  atte.ched  to  the  extension  of  a  permit,  to 
the  license  to  transfer  a  permit,  or  to  a  new  permit,  except  with  the  con¬ 
sent  of  the  holder  thereof  or  of  the  party  that  obtains  it.  (Art.  71,  M. 

0.  38.) 

Publication. — Tlie  head  of  the  Mining  Sei'vice,  after  investigation,  an¬ 
nounces  in  the  next  issue  of  the  Javasche  Conrant  the  application  tliat  may 
be  granted,  sending  a  copy  of  the  application  (with  a  map  or  drawing)  to 
the  head  of  the  provincial  adninistration  at  whose  office  the  applicant  has 
taken  his  domicile  ri^ts,  who  in  t’crn  publishes  the  application  locally  as 
soon  as  possible.  If  the  area  applied  for  is  located  in  more  than  one 
province,  the  hea.d  of  the  provincial  administration,  at  whose  office  the 
domicile  rights  have  been  taken,  consults  his  colleagues  before  publishing 
the  application.  If  settlements  are  located  in  the  area  applied'for,  the 
application  is  anncmced  verba.Hy  in  the  native  language  by  the  head  of  the 
local  administration  or 'by  another  officer  appointed  for  that  purpose.  A 
notice  is  posted  in  Malajr,  in  the  local  native  language,  and,  if  necessary, 
in  Dutch.  (Sec.  1-3,  art.  20,  M.  0.  38.)  A  decree  granting  an  application 
for  a  permit  or  one  approving  a  transfer  must  be  published  in  the  Javasche 
Courant.  (Sec.  3,  art.  24,  M.  0.  38.) 

Area  and  boundaries.-- i/i  prospecting  license  shall  be  for  a  field  of  in¬ 
definite  depth,  vertically  within  the  limits  of  the  crea  set  forth  in  the 
deed  of  license.  (Secc  4,  art.  7.)  An  application  for  a  prospecting  permit 
may  concern  only  one  area  forming  a  coherent  unit.  (Art.  17,  M.  0.  30.) 

An  area  for  which  a  penrAt  is  issued  may  not  be  larger  than  10,000  hectares, 
unless  the  head  of  the  Mining  Service,  in  agreement  with  the  head  of  the 
provincial  administration  concerned,  consents  to  a  larger  area.  Should 
these  authorities  disagree,  the  head  of  the  Mining  Service  applies  to  the 
Director  of  the  Department  of  Government  Industries  for  a  decision.  (Sec. 

1-2,  art.  19,  M.  Q*.  38.) 
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The  corners  of  an  area  applied  for  must  he  chosen  in  such  a  vjay  that 
at  least  one  of  them  is  either  a  permanent  point  that  can  he  easily  located 
in  the  field  and  not  subject  to  change  or  removal  or  one  that  may  he  de¬ 
termined  easily  in  relation  to  such  a  point  in  the  vicinity.  The  connect¬ 
ing  lines  hetT/een  the  comers  must  he  straight  lines,  as  far  as  possible. 
Lines  of  which  the  azimuth  is  not  known  may  not  he  used  as  border  lines. 
Meridians  and  parallels,  as  well  as  lines  forming  angles  with  them,  may  he 
used  as  border  lines,  provided  that  they  are  determined  by  points  in  the 
vicinity  of  the  area.  Clearly  distinguishable  natural  borders  may  he  used 
as  border  lines.  River  hanks  may  he  used  only  when  the  course  of  the  river 
is  sharply  defined  and  does  not  mn  through  raarsliy  districts.  Likewise.,- 
borders  between  provinces,  regencies,  divisions,  districts,  and  like  terri¬ 
tories  ma.y  he  used.  (Art.  18,  M.  0.  38.) 

Areas  and  boundaries  may  he  changed  by  a  new  decree  at  the  discretion 
of  the  head  of  the  Mining  Service  upon  further  information  obtained  after 
the  issuance  of  the  origir.al  decree.  The  decision  of  the  head  of  the  Min¬ 
ing  Service, is  final  with  respect  to  boundaries.  (Art.  55,  M.  0.  38.) 

Requirement  respecting  work. — The  only  apparent  requirement  with  re¬ 
spect  to  work  to  he  done  under  a  prospecting  license  is  that  prospecting 
must  he  commenced  within  a  period  of  one  year  from  the  date  of  the  grant¬ 
ing  of  the  license.  (Sec.  6,  art.  7.)  The  decision  as  to  whether  erplo- 
ration  has  been  commenced  within  the  required  period  rests  with  the  head 
of  the  Mining  Service.  (Art.  57.)  Waiver  of  the  time  limits  may  he  made 
by  the  governor  general  should  it  he  impossible  to  commence  exploration  or 
he  necessary  to  stop  exploration  partly  or  entirelj'’  because. .of  controlling 
forces  not  included  in  the  ordinary  risks.  (Art.  65,  M.  0.  38.) 

I>uraticn  of  permit. — A  prospecting  license  shall  he  granted  for  a  cer¬ 
tain  period,  not  to  exceed  three  consecutive  years.  It  may  he  renewed 
twice,  by  the  head  of  the  Mining  Service,  each  time  for  a  maximum  period  of 
one  year,  and  upon  an  application  of  the  licensee  made  within  three  months 
before  the  end  of  the  period  for  which  the  license  was  granted.  (vSec.  4, 
art.  7.)  Applications  submitted  after  or  more  than  three  months  before  the 
expiration  of  the  original  permit  are  rejected  unreservedly.  (Art.  61, 

M.  0.  38.) 

Transfer .-—A  prospecting  permit  is  transferable  only  with  the  consent 
of  the  Government.  (Sec.  7,  art.  7.)  Permission  to  transfer  is  refused 
when  it  has  not  been  proved  (by  submitting  receipts  or  in  any  other  way) 
that  amounts  due  for  taxes  and  permanent  duty  have  been  paid,  or  when  the 
prospecting  permit  has  been  cancelled.  (Art.  25,  M.  0.  38.) 

A  certified  copy  of  the  decree  granting  a  transfer  is  issued  to  each  of 
the  pe.rties  concerned  in  the  transfer,  for  which  no  other  charge  than  stamp 
duty  is  made.  (Sec.  1,  art.  25,  M.  0.  38.) 
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A  permit  may  be  transferred  to  only  one  person  or  one  company.  (Sec. 

1,  art.  77,  M.  0.  38.)  A  pex-mit  may  not  be  transferred  to  (a)  minors,  (b) 
persons  of  -unso-und  mind,  or  (c)  limited  companies  the  activities  of  miich, 
according  to  the  statutes,  do  not  include  mining  operations.  (Sec.  2,  art. 
77,  M.  0.  38.) 

Termination  of  permits. — A  prospecting  license  is  terminated  by  law 
(a)  at  the  end  of  the  period  for  v/hich  it  is  granted  or  renewed,  (b)  if 
the  holder  thereof  fails  to  comply  with  the  provisions  with  respect  to 
citizenship  or  domicile  rights,  and  (c)  if,  in  the  event  of  the  death  of 
the  rightful  holder,  his  successors  do  not  comply  with  the  provisions  men¬ 
tioned  under  (b)  within  the  period  allowed.  The  licence  shall  be  cancelled 
(a)  if  prospecting  operations  are  not  commenced  within  a  period  of  one  year 
from  the  date  of  the  granting  of  the  license,  and  (b)  at  the  request  of  the 
holders  of  surface  rights  or  of  interested  third  parties  if  opera.tions  have 
been  undertaken  without  the  holder’s  hs,ving  complied  with  the  stipulations 
contained  in  section  9  of  the  Mining  Law  with  respect  to  notifying  the  sur¬ 
face  o^mer  of  the  intention  to  prospect  and  with  respect  to  damages.  (See 
section  entitled  "Obligations  and  Ei^ts  of  Surface  Owners"  of  this  paper.) 
The  license  may  be  cancelled  (a)  if  the  licensee  fails  to  comply  with  any 
of  the  conditions  under  which  the  license  was  granted,  or  (b)  at  the  peti¬ 
tion  of  the  licensee,  either  for  the  whole  or  for  a  part  of  the  prospecting 
area.  In  the  latter  case,  the  license  holder  shall  present  his  petition, 
in  duplicate,  to  the  proper  official,  who  shall  write  upon  both  copies  the 
date  and  the  hour  of  the  receipt  of  the  petition,  a.nd  who  shall  return  one 
copy  to  the  petitioner,  and  who  shall  render  a  decision  within  three  months. 

The  cancelling  of  a  permit  shall  be  done  by  the  authority  by  whom  the 
license  was  granted,  but  not  until  the  holder  has  had  an  opportunity  to  de¬ 
fend  his  interests.  Appeal  from  the  decision  with  respect  to  cancel lation 
may  be  made  to  the  governor  general,  in  the  manner  prescribed  by  ordinance. 
Decrees  ca-ncelling  permits  must  mention  the  grounds  upon  which  cancellation 
is  based  and  must  be  served  legally  through  the  offices  of  the  head  of  the 
Mining  Service,  unless  the  cancellation  lias  been'  made  at  the  request  of  the 
holder. 


Cancellation  of  a  permit  at  the  request  of  the  holder  goes  into  ef¬ 
fect  as  soon  as  the  decree  has  been  issued  to  him.  In  all  other  cases, 
cancellation  goes  into  effect  on  the  day  that  it  becomes  irrevocable. 
(Art.  11-12;  art.  53-60,  M.  0.  33.) 


Eights  of  the  •prospector. — The  permit  grants  to  the  holder  thereof, 
to  the  ercclusion  of  all  others,  the  ri^it  to  perform  all  the  work  necessary 
on  the  prospecting  field  for  'the  finding  of  the  minerals  named  in  the  sec¬ 
tion  entitled  "Minerals  Subject  to  the  Indian  Mining  Lew.,"  or  for  the  pur¬ 
pose  of  ascertaining  the  nr-ture  of  the  mineral  reefs  discovered  and  of  the 
minerals  found  therein,  according  to  the  provisions  of  the  act  arid  the  con¬ 
ditions  under  which  the  license  wa.s  granted,  on  condition  that  the  area  has 
not  been  reserved  for  those  minerals  or  a  concession  granted  therefor  or  an 
agreement  entered  into  concerning  them.  (Sec.  1,  art.  10.) 
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CONCESSIOKS 

Mining  concessions  are  granted  only  for  tlie  mining  of  minerals  men¬ 
tioned  in  article  1  of  the  Indian  .Mining  Law  (see  section  of  this  paper 
entitled  "Minerals  Subject  to  the  Indian  Mining  Law")  whose  existence  in 
the  raining  field  as  a  natural  deposit  for  which  their  extraction  is  tech¬ 
nically  possible  has  been  proved  to  the  satisfaction  of  the  governor  gen¬ 
eral.  (Sec.  2,  art.  IS.)  They  shall  be  granted  only  to  applicants  who 
have  complied  with,  the  provisions  concerning  citizenship  and  domicile 
(art.  4.),  as  given  in  the  section  of  this  paper  entitled  '^Bights  of 
foreigners." 

Application. — The  requirements  with  respect  to  appliqations  for  min¬ 
ing  concessions  are  the  same  as  those  for  applications  for j prospecting 
permits  (see  foregoing  section  entitled  "Prospecting"/  as  far  as  the 
authority  to  whom  they  are  presented  and  the  rulings  with  respect  to  the 
time  of  their  receipt  are  concerned.  (Art.  27,  M.  0.  38.)  However,  the 
governor  general  io  the  official  empowered  to  grant  or  refuse  a  raining 
concession.  (See  section  of  this  paper  entitled  "Decree  of  Concession.") 

A  petition  for  a  concession  raust  state:  > 

1.  The  name  (Christian  name  and  surname)  of  the  petitioner 
and  his  place  of  residence.  (Sec.  5,  art.  28.) 

2.  The  profession  and  the  age  of  the  applicant.  (Sec.  1, 
art .  29 ,  M .  0  .  38  . ) 

3.  The  name  of  the  mineral,  or  minerals,  for  which  the  con¬ 
cession  is  requested.  (Sec.  5,  art.  28.) 

4.  Whether  the  discovery  ha.s  been  made  by  the  applicant  as 
the  holder  of  a  permit  or  as  a  concession  holder,  with  a  notation 
of  the  date  and  the  number  of  the  decree  granting  the  permit  or 
the  concession.  (Sec.  2,  art.  29,  M.  0.  38.) 

5.  The  location  of  the  discovered  deposit  or  deposits  and  the 
boundaries  of  the  area  either  claimed  for  concession  or  already- 
granted  as  such.  (Sec.  5,  art.  28.) 

6.  The  location  of  the  native  clearances  that  may  be,  within 
the  limits  of  'bhe  area  applied  for  and  the  border  of  the  area  or 
areas  v.ithin  which  the  applicant  may  not  carry  out  any  clearing 
work  without  the  permission  of  those  v;ho  have  the  right  to  the 
native  clearings  lying  therein.  (Sec.  3,  art.  29,  M.  0.38.) 

7.  The  name  to  be  given  or  already  given  to  the  concession. 
(Sec.  5,  art.  28.) 
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8.  The  chosen.,doiaicile  of  the  petitioner.  (Sec.  5,  art.  28.) 

Supplementarj'’  docimerits  required  (art.  30,  M.  0.  38)  are: 

.  1.  Evidence  that  the  minerals  sought  exist  in  a  workable  de¬ 
posit,  ,  '  . 

2.  A  map,  in  triplicate,  of  the  area  applied  for,  on  a  scale 
not  smaller  than  1  to' 25’,  000,  by  a  sworn  surveyor  (or  by  a -person 
acceptable  to  the  head  of  the  Mining  Service),  on  which  the  follow¬ 
ing  facts  must  be  indicated;  .  .  ' 

(a)  The  borders  of  the  area  applied  for. 

(b)  The  points  suitable  for  placing  signs,  two  consecu¬ 
tive  ones  not  to  be  farther  apart  than  500  meters. 

(c)  The  location  of  the  deposit  or  deposits  discovered. 

(d)  The  location  of  the  native  clearings  that  may  be 
within  the  borders  of  the  area  applied  for  and  the  borders  of 
the  area  or  areas  within  which  the  concession  holder  is  not 
allowed  to  carry  out  any  clearing  work  except  with  the  con¬ 
sent  of  those  having  a  right  to  the  native  clearings  situated 
therein. 

( e)  The  natural  or  artificial  distinct  permanent  pdints 
on  the  surface  for  the  purpose  of  finding  bearings. 

^  ■  * 

(f)  The  astronomical  meridian. 

'v.  o-'-'  . 

(g)  The  borders  of  the  area  covered  by’*a-  permit  br'-6f 
any  part  thereof.  (This  need  be  included  only  upon  demand 
by  the  head  of  the  Mining  Service.) 

Modifications  of  or  supplements  to  the  foregoing  requirements  are  set 
forth  in  sections  2. to  5,  inclusive,  of  article  30,  of  Mining  Ordinance  38. 

'  i 

Conditions  of  law  with  respect  to  overlapping  fields  are  covered  by 
article  46  of  Mining  Ordinance  38. 

■;  The  ri{^t  to  a  concession  or  a  concession  may  be  granted  to  only  one 
.person  or: one  company.  (Sec.  1,  art.  77,  M.  0.  38.) 

n  'v  Bight  of  priority  to  the  discoverer. — The  discovery  of  a  mineral  men- 
Ji'ipnedr^nr the  first  paragraph  of  the  section  of  this  paper  entitled  "Miner¬ 
als  Subject  to  the  Indian  Mining  La:*;** 

gives  the  right  to  the  dis¬ 
coverer  T)dio  is^  either  the  pvmer  of  a  prospecting  license  or  a  concession- 
•  aire  on  that  particular  field  and  who  has  demonstrated  that  certain  miner¬ 
als  exist  and  that  their  acquisition  is  technically  possible  to  obtain  a 
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concession  to  mine  the  discovered  mineral,  provided  he  maintains  his  claim 
within  the  period  for  which  the  license  was  granted  or  an  extended  period 
and  ha,nds  in  his  petition  first  in  order  of  date,  and  provided  f-urther  that 
the  governor  general  does  not  decide  that  the  exploitation  of  the  mineral 
would  not  he  for  the  general  interest.  Should  applications  for  the  same 
field  he  submitted  simultaneously,  the  decision  depends  upon  the  drawing 
of  lots,  according  to  the  regulations  of  section  1,  of  article  22,  of  Ordi¬ 
nance  38.  (Sec.  1-2,  art.  28;  art.  28,  M.  0.  38.) 

The  mining  of  minerals  mentioned  in  paragraph  2  of  the  section  entitled 
"Minerals  Subject  to  the  Indian  Mining  Law"  (coal,  petroleum,  and  all  kinds 
of  bituminous  substances)  may  be  done'  only  by  the  Government  or  by  virtue 
of  an  agreement  with  the  Government.  Although  the  demonstration  of  the 
presence  of  these  minerals  doss  not  give  the  right  to  a  concession,  it  may 
give  the  right  to  a  reward.  The  reward  for  the  discovery  of  these  minerals 
is  determined  by  the  governor  general.  (Sec.  2a,  art.  28.) 

Objections . — Concessions  are  granted  only  after  all  interested  parties 
ha.ve  had  an  opportumity  to  defend  their  interests  (art.  14),  which  they  may 
plead  within  one  month  after  an  application  for  a  concession  has  been  an¬ 
nounced  and  within  two  months  after  the  announcement  has  appeared  in  the 
Javasche  Courant.  They  may  raise  their  objections  before  the  head  of  the 
local  government  and,  where  natives  and  foreign  orientals  are  concerned, 
also  before  the  nearest  proper  European  officer  and  such  native  officer 
as  may  be  detailed  for  that  purpose.  Natives  and  foreign  orientals  may 
submit  their  objections  orally,  as  well  as  in  writing,  the  oral  objec¬ 
tions  being  officially  reported  by  the  officer  concerned.  (Art.  39,  M. 

0.  38.) 

\ 

Decree  of  concession. — After  the  governor  genera-1  has  investigated 
(in  conformance  with  the  provisions  in  articles  40  to  42,  inclusive,  of 
Mining  Ordinance  38)  an  application  and  the  objections  thereto,  he  issues 
a  decree  either  of  refusal  oh  of  approval.  A  decree  of  refusal  must  men¬ 
tion  the  grounds  for  rejection,  and  a  full  copy  thereof  is  given  to  the 
applicant,  free  of  charge.  (Art.  49,  M.  0.  38.)  A  decree  of  approval 
shall  contain  (a)  the  surname,  Christian  name,  profession,  and  domicile 
of  the  concessionaire,  (b)  the  name  of  the  concession,  (c)  the  area  and 
the  boundaries  of  the  concession,  marked  on  a  map  accompanying  the  decree, 
(d)  the  time  for  which  the  concession  is  granted,  (e)  the  name  of  the 
province  and  the  county  (or  provinces  and  counties)  in  which  the  conces¬ 
sion  is  located,  (f)  the  name  of  the  mineral  (or  minerals)  granted  by  the 
concession,  (g)  the  special  conditions,  if  any,  and  (h)  the  date  of  the 
issuance  of  the  decree.  An  authentic  copy  of  the  decree  shall  be  handed 
to  the  concessionaire.  (Sec.  2-3,  art.  30.)  Regulations  with  respect  to 
the  registering  and  transcribing  of  a  concession  or  the  obtaining  of  a 
legal  deed  of  concession  are  given  in  articles  100  to  110,  inclusive,  of 
Mining  Ordinance  38. 

The  head  of  the  Mining  Service  may  demand  in  advance  payment  for  the 
eiqjenses  of  drawing  the  maps  required  for  the  decree.  (Art.  47,  M.  0.  38.) 
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The  conditions  of  a  concession  decree  may  not  be  altered  or  increased  in 
nnmber  after  the  concession  has  been  granted,  except  with  the  consent  of 
the  holder  thereof.  (Sec.  2,  art.  69,  M.  0.  33.)  The  most  recent  condi¬ 
tions  to  be  imposed  are  decreed  by  Statute  1930,  No.  348  (October  1,  1930). 
The2’’  have  reference  to  boundarj'’  markers;  furnishing  information  with  re¬ 
spect  to  compliance  with  the  mining  laws;  supplying  all  data  asked  for  in 
investigations;  presenting  by  heirs  of  proof  of  compliance  with  article  4 
of  the  Indian  Mining  Law;  reporting  changes  in  the  personnel  of  companies; 
maintaining  production  registers;  recording  and  reporting  production;  fur¬ 
nishing  affidavits  of  the  accuracy  of  reports;  recording  analyses  and  as¬ 
says  (if  made);  appraisals  by  the  Government  of  taxable  commercial  products; 
and  similar  matters. 

Publication. — The  provisions  for  the  publication  of  the  application 
for  a  concession  are  practically  the  same  as  those  governing  the  applica¬ 
tion  for  a  prospecting  permit.  They  are  covered  by  article  38  of  Mining 
Ordinance  38.  The  decree  granting  a  concession  is  published  in  full  by 
the  Goverrjnent  in  the  Javasche  Courant  (art.  48,  M.  0.  38),  as  is  also 
the  decree  rejecting  a  concession  (sec.  2,  art,  49,  M.  0,  33). 

Area  and  boundaries. — A  concession  is  granted  for  a  mining  field  of 
indefinite  depth,  vertically  within  the  limits  set  forth  in  the  deed  of 
concession.  (Sec.  1,  art.  13.)  An  application  for  a  concession  may  re¬ 
quest  only  one  united  area  forming  a  coherent  unit,  the  outlines  of  which 
are  reasonably  connected  with  the  discovered  mineral  deposits.  (Art.  33, 

M.  0,  38.)  I'To  single  concession  may  be  granted  for  an  area  larger  than 
1,000  hectares  (art.  35,  M.  0.  38),  except  by  permission  of  the  governor 
general  and  under  certain  conditions,  as  indicated  in  sec,  1,-  a.rt.  19, 
and  sec.  1,  art.  30,  of  the  Indian  Mining  Law,  and  article  56  of  Mining 
Ordinance  38.  Areas  exempted  from  exploitation  are  covered  under  the 
section  of  this  paper  entitled  "3xempted  Areas'*. 

The  corners  and  boun^jaries  of  a  concession  area  must  be  chosen  in 
conformity  with  the  provisions  for  prospecting  areas,  as  noted  in  discus¬ 
sion  of  areas  and  boundaries  under  section  entitled  "Prospecting."  (Art. 

34,  M.  0.  38.) 

Provisions  with  respect  to  applications  for  the  dividing  of  conces¬ 
sion  areas,  the  interchange  of  parts  of  bordering  areas,  the  uniting  of 
concession  areas,  and  like  matters  (which  are  possible  only  by  new  deeds 
of  concession,  according  to  article  19  of  the  Indian  Mining  Law)  are 
covered  in  articles  111  to  113,  inclusive,  of  Mining  Ordinance  38. 

Durat ion . —Mining  concessions  will  be  granted  by  the  governor  gen¬ 
eral  for  a  period  not  to  exceed  75  yehrs.  (Sec.  1,  art.  13.) 

In  the  third  year  before  the  date  upon  which  a  mining  concession  ter¬ 
minates,  conditions  shall  be  fixed  by  royal  decree  whereby  a  new  conces¬ 
sion  maj?-  be  obtained,  if  the  Government  does  not  wish  either  to  undertalce  m  ’ 
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the  mining  itself  or  to  enter  into  contracts  with  others  for  that  piarpoEe.  • 
The  concession  holder  must  make  his  acceptance  of  the  conditions  within 
siz  months,  or  no  new  concession  will  he  granted  except  hy  public  compe¬ 
tition.  (Art.  34.) 

Transfer. — The  right  obtained  with  a  concession  is  considered  immov¬ 
able  property,  which  may  be  mortgaged  or  transferred.  (Sec.  1,  art.  18.) 

A  permit  to  transfer  a  concession  may  iiot  be  transferred  (art.  77,  M.  0. 

38)  to:- 

1.  Minors  . 

2.  Persons  declared  non  compos  mentis. 

3.  Limited  companies  whose  activities, 
according  to  the  statutes,  do  not 
include  mining  operations. 

4.  Former  holders  of  a  forfeited  con¬ 
cession  (only  with  respect. to  the 
site  of  the  former  concession). 

The  documents  of  transfer  must  contain  the  concession  decree  in  full. 
(Art.  102,  M,  0.  38.)  Transfer  rday  not  be  made  either  to  legal  heirs  or  to 
any  others  unless  those  who  are  to’ obtain  the  transfer  rights  have  complied 
with  article  4  of  the  Mining  Law  (with  respect  to  citizenship  or  domicile, 
etc.).  (Sec.  1,  art.  103,  M.  0.  38.)  Transfer  may’ not  be  made  until  proof 
has  been  submitted  that  the  '’amounts  due  as  a  permanent  right”  and  taxes 
have  been  paid.  (Sec.  1,  art.  45,  and  sec.  3,  art.  103,  M.  0.  38.) 

•  .  ,  .  .  '  ■ With  the  application  for  a  permit  to  transfer  a 

concession,  the  copy  of  the  application  for  the  concession  held  by  the  con¬ 
cessionaire  must  be  returned  to  the  head  of  the  Mining  Service.  (Art.  32, 
M.  0.  38.) 

Termination  of  concessions. — Concession  rights  may  be  terminated, 
under  certain  conditions,  by  forfeiture,  by  law,  or  by  request  of  the  con¬ 
cessionaire. 

In  general,  a  concession  is  forfeited  if  the  holder  thereof  fails  to 
commence  work  when  notified  to  do  so  or  fails  to  fulfil  the  conditions  of 
the  concession  decree.  (Sec.  1,  art.  37.)  Forfeiture  shall  not  take  place 
until  the  concessionaire  or  his  representative  has  been  legally  served  with 
a  written  notice  that  forfeiture  is  to  take  place,  nor  until  he  has  had 
time  to  defend  his  interests,  nor  until  he  has  been  given  a  year  in  which 
to  carry  out  his  duties  or  comply  with  the  demands  made.  If  the  failure 
is  with  respect  to  the  payment  of  money,  a  period  shall  be  prescribed,  of 
at  lea.st  three  months.  (Sec.  2,  art.  37.)  The  concessionaire’s  right  of 
appeal  to  the  Crown,  his  right  to  ask  for  a  public  sale  of  the  concession 
for  his  own  benefit,  in  case  creditors  have  not  taken  action,  and  other 
related  matters  are  covered  by  article  38  of  the  Mining  Law  and  by  arti¬ 
cles  175  to  179  of  Mining  Ordinance  38.  If  no  sale  is  requested  or  if  a 
public  auction  is  without  result,  the  concession  is  withdrawn.  (S'ec.  11, 
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art.  38.)  The  concessionaire  remains  responsible  for  all  obligations  and 
shall  keep  the  mining  works  in  proper  condition  and  repair  until  the  trans¬ 
fer  to  his  successor  shall  have  talcen  place  or  the  concession  shall  have 
been  withdrawn.  (Sec.  12,  art.  33.) 

A  concession  is  terminated  by  la-w,  (a)  if  the  o-mer  of  the  concession 
or  the  concessionaire  ceases  to  fulfil  the  requirements  of  article  4  of 
the  Mining  Law  (with  respect  to  citizenship  and  domicile),  (b)  at  the  death 
of  the  owner  of  the  right  of  concession  or  of  the  corcessionaire,  with  respect 
to  those  successors  to  his  title  that  liave  not  satisfied  the  requirements 
of  article  4  of  the  Minins  Law.  (Art.  39.) 

With  respect  ta  requests  of  the  concessionaire  for  withdra’r;al  of  his 
concession,  the  same  regulations  as  those  mentioned  in  a  preceding  paragraph 
with  regard  to  sale  apply.  If  no  request  for  public  auction  has  been  made, 
the  registrar  will  give  the  concessionaire  a  certificate  to  that  effect, 
which  will  be  forwarded  to  the  Government,  with  the  documents  by  which  it 
is  shown  that  the  request  was  duly  served  upon  the  mortgagees.  (See  arti¬ 
cle  40  of  the  Indian  Mining  Law.)  (See  also  article  179  of  Mining  Ordi¬ 
nance  38.) 

Section  1,  article  41 i  of  the  Mining  Law,  provides  that  at  the  termina¬ 
tion  of  a  concession  all  obligations  with  respect  thereto  cease,  and  that  the 
Government  obtains  fuJLl  and  free  rights  (with  the  exception  of  the  parts  of 
the  surface  and  the  buildings  erected  thereon  belonging  to  the  last  conces¬ 
sionaire)  of  disposal  v/ith  respect  to  the  mining  field  and  all  that  is  used 
for  protecting  and  covering  the  mining  works,  no  compensation  being  due  to 
the  late  concessionaire.  Section  2  of  the  same  article  decrees  that  the 
governor  general  shall  fix  the  period  allowed  the  concessiona.ire  for  the  re¬ 
moval  of  his  property.  Article  42  of  the  same  law  decrees  that  in  case  of 
forfeiture  the  concessionaire,  in  the  event  of  the  sale  of  the  concession, 
shall  place  (free  of  charge)  all  charts,  drawings,  and  sketches  connected 
with  the  mining  work  at  the  disposal  of  the  governor  general. 

f 

When  the  decision  of  the  governor  general  cancelling  the  rights  of  a 
concession  holder  has  been  served  upon  him  or  his  representatives,  he  may 
not  sell  or  borrow  upon  the  concession  further.  (Art.  74,  M.  0.  38.) 

Riah-ts  end  obligations  of  the  concession  holder.  — In  general ,  the 
concession  gives  t’ne  concessionaire  the  exclusive  right  within  the  mining 
field  to  extract  and  dispose  of  all  minerals  mentioned  in  the  deed  of  con¬ 
cession  and  to  erect  all  works  necessary  thereto,  including  necessary 
auxiliary  works  outside  of  the  concession  area.  Minero-ls  not  mentioned  in 
the  deed  of  concession  may  also  be  disposed  of,  if  listed  in  the  mining 
lawj'but  they  require  for  exploitation  a  new  concession  unless  their  com¬ 
pounds  v;ith  those  mentioned  in  the  grant  render  'their  combined  extraction 
unavoidable.  (Art.  16.)  (See  section  of  this  paper  entitled  "Disposal  of 
Minerals." ) 
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For  rights  of  disposition  of  the  surface  within  the  concession  area, 
see  section  of  this  paper  entitled  "Ohligations  and  Rights  of  Surface 
Owners.”  License  to  m^e  roads  by  land  or  water,  as  well  as  the  right  of 
superficies  to  erect  the  necessary  buildings,  etc#,  on  State  domains,  will 
be  granted  by  the  governor  general.  For  ground  required  for  these  purposes 
that  is  neither  within  the  concession  area  nor  within  State  domains,  the 
right  of  e:xpropriation  of  all  properties  shall  apply.  (Art.  22.) 

The  rights  and  obligations  of  one  concession  holder  toward  another 
with  respect  to  the  building  of  works  are  covered  by  article  95  of  Mining 
Ordinance  38. 

A  concession  holder  is  entitled  to  payment  for  all  damage  caused  by 
the  building  on  his  concession  area  of  "artificial  works,”  railways,  canals, 
or  other  public  means  of  transport.  (Art.  68,  M.  0.  38.) 

REGUIATIORS  WITH  RESPECT  TO  PETROLEUM 
AKD  RELATED  SU3STAHCES 

As  has  been  stated  in  the  section  of  this  paper  entitled  "Ri^ts  of 
Foreigners,”  the  Government  of  the  Nether land  Indies  has  reserved  to  itself 
all  regions  known  to  contain  petroleum.  All  prospecting  and  exploiting  of 
petroleum  and  allied  products  must  be  done  under  contract  with  the  Govern¬ 
ment,  which  contracts  must  be  approved  by  legislative  action  (art.  5a  and 
28).  A  draft  agreement,  containing  detailed  regulations,  is  included  in 
Statute  No.  23,  the  law  enacted  to  authorize  the  Minister  of  Colonies  *to 
sign  four  contracts  with  the  Nederlandsche  Koloniale  Petroleum  Maatscliappi j 
(Netherlands  Colonial  Petroleum  Co.),  a  subsidiary  of  an  American  oil  company, 
for  the  "prospecting  for  and  developing  of  mineral  oil,  mineral  pitch,  min¬ 
eral  wax,  and  all  kinds  of  bituminous  substances,  both  in  solid  and  fluid 
and  in  the  gaseous  state,  so  far  as  these  do  not  form  part  of  a  fixed  rock 
that  for  the  winning  of  these  substances  must  be  developed  in  its  entirety, 
consequently  iodine  and  the  combinations  thereof. ...” 

A  surface  owner  or  an  interested  third  partj^  not  a  holder  of  a  pros¬ 
pecting  permit  or  of  a  concession  (when  building  works  that  he  has  the 
riglit  to  build)  upon  discovering  fluid  bitumens  and  accompanying  gaseous 
sxibstances  (dn  areas  not  under  permit  to  another  nor  under  contract  with 
the  Government)  is  allowed  to  dispose  (freely  and  without  payment  of  ex¬ 
cise  duty)  of  the  freely  flowing  or  streaming  substances  discovered  until 
necessai'y  measures  shall  have  been  taken  by  the  governor  general,  provided 
the  discoverer  gives  notice  to  the  head  of  the  local  government  within 
eight  days  after  the  discovery.  (Art.  99,  M.  0.  33.) 

EXEMPTED  AREAS 

In  general,  exempted  ares.s  include  "reserved  areas,"  lands  which  the 
Government  sets  aside  for  exploitation  by  itself  or  by  those  under  contract 
with  the  Government  (art.  5a),  areas  to  be  open  to  public  competition  (art. 

31  and  32) ,  areas  or  parts  of  the  country  closed  by  the  governor  general  for  ^ 
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reasons  of  general  interest  (sub^spc.  c,,  sec.  1,  art.  8),  and  "native  clear¬ 
ings"  (art.  88-93,  M.  0.  38)  ' 

Within  the  hoimdaries  of  praspecting  or  concession  areas,  prospecting 
or  mining  shall  not  take  place  oh 'grounds  on  which  fortifications,  govern¬ 
ment  or  pahlic  huildiiigs  have  heen  erected,  or  churchyards,  graves,  public 
roads,  canals,  or  railways  have  been  made,  or  on  grounds  considered  conse¬ 
crated  according  to  the  religious  institutions  of  the  natives,  or  on  grounds 
on  which  private  dwellings  or  factories  are  erected,  or  within  certain 
distances  thereof,  ■unless  the  holders  of  surface  rights  and  interested 
third  parties  shall  have  given  their  consent.  (Sec.  2,  art.  8,  and  art. 

20.)  The  specific  distances  from  grounds  and  buildings  are  fixed  in  each 
case  by  a.rticles  86  and  87  of  Mining  Ordinance  38. 

DISPOSiUi  or  MINEbllS 

Subject  to  the  rights  of  others  and  to  the  provisions  concerning 
rents  and  royalties,  to  be  discussed  subsequently,  a  prospector  is  allowed 
freely  to  dispose  'of  the  minerals  that  he  obtains,  in  so  far  as  they  belong 
to  the  first  class  mentioned  in  section  1  of  the  Indian  Mining  Law  (see 
paragraj^  (a)  -under  "Minerals  Subject  to  the  Indian  Mining  LawsJ’)),  (Sec. 

2,  art.  10.) 

The  concession  holder,  in  accordance  with  the  provisions  of  the  law 
and  the  conditions  placed  in  the  deed  of  concession,  has  the  exclusive 
right  within  his  mining  field  to  extract  all  minerals  mentioned  in  his 
deed,  even  in  old  ore  deposits  of  former  operations  that  may  be  lying 
within  the  bo-undaries  of  the  mining  field.  (Sec.  1,  art.  16.)  The  con¬ 
cessionaire  has  the  right  to  dispose  freely  (according  to  the  rules  laid 
down  by  ordinance  and  for  the  benefit  of  his  industry  exclusively)  of  such 
minerals  not  mentioned  in  the  mining  law  as  he  may  extract  in  the  working 
of  the  mine.  (Sec.  2,  art.  16.)  Minerals  coming  under  the  law  (except 
petroleum  and  allied  substances)  but  not  mentioned  in  the  deed  of  con¬ 
cession  may  not  be  worked  unless  the  compounds  of  those  minerals  with  those 
mentioned  in  the  grant  render  their  combined  extraction  ■unavoidable.  (Sec. 

3,  art.  16.) 

For  regulations  concerning  petroleum  products  discovered  by  others 
than  the  Government  or  persons  or  companies  "under  contract  with  the  Govern¬ 
ment,  see  section  of  this  paper  entitled  "Regulations  with  Respect  to  Pe¬ 
troleum  and  Related  Substances." 

For  further  regulations  concerning  minerals  for  which  no  right  has 
been  granted,  especially  of  minerals  discovered  during  the  building  of 
secondary  works,  see  articles  96  to  99,  inclusive,  of  Mining  Ordinance 
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...  OBLiatTIONS  AND  RIGHTS  OR  SUERACE  OWNERS 

The  holders  of  surface  rights  and  other  interested  parties  must  per¬ 
mit  prospecting  provided  (l).that  they  have  heen  informed  beforehand  by 
the  license  holder  of  his  intention  to  prospect  (the  licensee  being  obli¬ 
gated  to  produce  his  license  or  a  copy  thereof  and  to  locate  the  place  of 
the  proposed  opera.tions)  and  (2)  that  an  indemnity  has  been  either  paid 
or  guaranteed  to  them,  according  to  regulations  to  be  made  by  ordinance. 
(Art.  9.) 

The  obligation  of  those  having  a  right  to  the  soil  to  allow  prospect¬ 
ing  and  mining  extends  to  the  building  and  carrying  out  of  all  works  and 
activities  required  therefor.  (^Irt.  119,  M.  0.  38.) 

If  the  right  of  disposition  of  the  surface  is  required  for  worlcing 
purposes  for  a  period  not  longer  than  three  years,  the  conditions  of 
article  9,  quoted  in  a  preceding  paragraph,  shall  apply  to  mining  also 
(the  provisions  with  regard  to  the  licensee  to  be  applied  to  the  conces¬ 
sionaire,  and  the  showing  of  an  authentic  copy  of  the  document  whereby 
the  Government  granted  the  concession  to  be  required).  (Sec.  1,  art.  21.) 
If  the  right  of  disposition  of  the  surface  is  required  for  a  period  longer 
than  three  years,  regulations  of  expropriation  for  public  interest  shall 
apply.  (Sec.  2,  art.  21.) 

Should  excavations,  digging,  surveying,  or  the  placing  of  poles  on 
another  person’ s  land  be  considered  necessary  for  the  marking  off  of  the 
concession  area,  those  having  a  ri^t  to  the  land  or  interested  third 
parties  must  allow  these  operations,  provided  that  they  have  been  notified 
in  writing  by  the  head  of  the  local  government  48  hours  previously  (natives 
or  foreign  orientals  to  be  notified  either  in  writing  or  orally  by  their 
chief).  (Sec.  1,  art.  67,  M.  0.  38.) 

The  concessionaire  is  liable  for,  and  must  make  good  to  the  holders 
of  surface  rights,  all  damage  caused  by  the  raining  operations,  whether 
they  be  carried  out  under  the  surface  or  not,  or  whether  the  damage  has 
been  caused  by  a  deliberate  act  or  could  not  have  been  foreseen.  (Sec.  1, 
art.  24.)  The  details  concerning  damages  to  surface  owners  are  covered 
by  sections  2  and  3,  article  24,  of  the  Indian  Mining  Law,  by  articles 
26  and  27  of  the  same  law,  and  by  articles  119  to  150,  inclusive,  of  Min¬ 
ing  Ordinance  38,  the  provisions  in  the  mining  ordinance  including  prac¬ 
tice  before  the  courts,  both  native  and  European. 

EE^T  AND  ROYALTIES 

According  to  article  35  of  the  Indian  Mining  Law,  the  Government 
levies  upon  each  prospecting  permit  and  upon  every  discoverer  who  con¬ 
tinues  prospecting  during  the  consideration  of  his  application  for  a 
concession: 
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(a.)  A  yearly  fixed  rent,  to  "be  paid  in  advance  each  year,  propor¬ 
tionate  to  the  area  of  the  prospecting  grounds,  and  at  the  rate  of 
0.025  florins:^/  (^d.)  a  hectare. 

(t)  A  royalty,  payable  ehch  year,  of  4  per  cent  of  the  value  of 
the  gross  yield,  after  deduction  of  such  quantity  of  the  minerals  won 
as  wil-l  he  decla.red  exempted  from  taxes  hy  ordinance. 

The  Government  levies  on  each  concession: 

(a)  A  yearly  fixed  rent,  to  he  paid  in  advance  each  year,  pro¬ 
portionate  to  the  area  of  the  concession  grounds,  at  the  rate  of  ,  _  . 
0.25  IT-orins  (5d.)  a  hectare.  ' 

(h)  A  royalt3'-,  payable  each  year,  of  4  per  cent  of  the  value  of 
the  gross  yield.  '  ’ 

The  calculations  and  the  le\ying  of  the  royalties  (or  excise  duties) 
are  carried  out  in  the  same  way  for  both  permit  holders  and  concessionaires, 
except  that  in  the  case  of  the 'permit  holder  or  the  discoverer,  during  a 
calendar  year  or  a  part  thereof,  products  up  to  a  value  6f  5,000  florins 
may  be  exempted  from  tax.  :  • 

Detailed  regulations  concerning  the  calculating  and  the  levying  of 
royalties  (or  .excise  duties)  are 'given  in  a.rticle  36  of  the  Indian  Mining 
Law  and  in  articles  160  to  174,  inclusive,  of  Mining  Ordinance  38. 

If  the  concessionaire  sliall  show  to  the  satisfaction  of  the  governor 
general  that  the  .exploitation 'for  the  past  year  was  carried  on  at  a  loss 
(or  vrauld  be  if  the  sums  due  for  the  year  were  paid),  the  amo'unt  of  the 
royalty  maj’-  be  reduced,  but  not  to  less  than  1  per  cent  of  the  gross  jueld. 
(Sec.  3,  art.  35.)  No  restitution  will  be  made  of  moneys  duly  paid  for 
fixed  rent.  (Sec.  5,  art.  35.) 

MISCELLANEOUS 
Self-Governing  Districts 

With  respect  to  the  application  of  the  mining  law  in  the  self-govern¬ 
ing  parts  of  the  Netherland  Indies,  whereof  the  princes  have  transferred 
the  right  to  grant  prospecting  licenses  and  concessions  to  the  Government 
of  the  Netherland  Indies,  subsection  2  of  section  27  of  the  Regulation  of 
the  Government  of  the  Netherla.nd  Indies  (Colonial  Laws)  shall  apply.  Any 
exceptions  to  the  mining  la.w  for  the  self-governing  divisions  of  the  coiantry 
shall  be  made  by  ordinance.  (Art.  44.) 

Information  to  be  Kent  Confidential 

Every  officer  carr^'^ing  out  the  regulations  of  the  Indian  Mining  Law, 
of  Ordinance  38,  or  of  the  revgulr-tions__i ssued  for  their  application  is 

4/  The  1929  exchange  value  of  the  florin '(or  guilder)  was  40.1622  cents. 
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■bound  to  secrecy  with  respect  to  everything  that -he  has  learned  as  a  re¬ 
sult  of  his  official  position,  except  illegal  facts,  of  which  he  has  full 
authority  to  notify  the  officers  of  the- law.  Reports  of  geological  min¬ 
ing  activities  on ■ exploration  fields  must  remain  secret  until  one  year 
after  the  e^^iration  of  the  term  of  the  permit,  unless  the  holder  of  the 
permit  gives  written  permission  for  their  publication.  (Art.  83,  M.  0.  38.) 

Safety  Control 

**^  .  « •* .  ' 

Safety  control,  except  in  cases  specifically  exempted  by  ordinance, 
is  in  the  liands  of  the  personnel  of  mine  inspection,  to  whom  must  be  given 
free  admittance  to  all  works  and  access  to  all  information  regarding  the 
observance  of  the  Indian  Mining  Law,  Ordinance  38,  and  the  instructions 
for  their  application.  Appeals  from  decisions'  of  mine  inspectors  may  be 
made  to  the  head  of  the  Mining  Service.  (Art.  ISD,  181,  and  182,  M.  0.  38.) 

Instructions  to  be  given  by  G-overnihent  ordinance  concern  (a)  the 
solidity  of  the  mining  works,  (b)  protection  of  the  life  and  the  health 
of  the  laborers,  (c)  protection  of  the  surface  for  the  safety  of  persons 
and  public  traffic,  and  (d)  protection  from  detrimental  results  of  the 
mining  to  the  public  in  general.  (Art.  183.)  These  instrioctions  have 
recently  been  embodied  in  the  police  regulations  of  mines  and  mining 
made  effective  October  1,  1930,  designated  as  Statute  1930,  Uo..  341. 

Fines  and  Penalties 

\  . —  -  ■  ■  ■'  II.  ■  .  ■  —  ■  

The  fines  and  other  peiaalties  imposed  upoa  prospectors,  concession¬ 
aires,  surface  owners,  and  interested  third  parties 'for  infringements  of 
the  provisions  of  the  mining  law  and  ordinances  are  covered  by  articles 
184  to  194  of  Mining  Ordinance  38.* 
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1 .  GBAVITATIOHAL  METHODS 

(42)  A  REDETERMINATIOl^*  OF'IHH  CONSTANT  OF " GRAVITATION 

By  Pa-ul  R  .  Heyl 

Rureau  of  Standards  Journal  of  Research,  vol.  5,  No.  6,  1930,  pp.  1243-1291. 
Contents  of  the  article: 

I.  Introduction:  1.  The  nat-pre^pf  the  constant-^' of' gravitation;  2.  Sum¬ 
mary  of  earlier  measureipept-s 1 . Work  of -Boys;  4.  Wohk  of  Braun; 

5.  Organization  of  the  present;,  work.  •  • 

II.  Plan  and  method.  •  .  .  .  u  ■"  '  - 

III.  Descriution  of  apparatus .1 ,, Observation .room;  2.. The  large  masses; 

3.  The  supuorting  system; .4, .The. small .masses;  5.  The  moving  system; 

6.  The  container ;  _7. .  The 'Optical  sys  tem; '!.8.  .  Measurements  of  time; 

9.  Measurements  of  length.  ■  - 

IV.  Mathematical  theory: ,  1.  The  attraction  of  a  finite  cylinder  at  any  ex¬ 
ternal  point;  2.  Formula  for  time  of  swing.  .  • 

V.  Method  of  observing;  1.  Centering, adjustments;  2.  Length, measurements 
a.  horiz:ontal;  b.  vertical;  3.  Time  measurements^  ^ 

VI.  Computations.,  .  ..  r. 

VII.  Results:  1.  Gold  balls;  2.  Platinum  balls;  3.  C-lass,  balls;  4.'  Mean' 
value;  5.  Discussion  of -results..  . 

VIII.  The  specific  attra-ction  of  platinum  and  glass.  ' 

IX.- 'Summary  and  general' "conclusions/'  .  . , 

Author's  abstract  reads  as  follows*:'  "A  rede  termination  of  the  con-,, 
stand  of  gravitation  has  been  made,  using  the  torsion  balance  in  vacuum.  ,  The.-, 
large  masses  were  steel  cylinders,  •weighing  about  66  kilograms,  and  the-  small  - 
masses  spheres  of  gold,  platinum,  and  optical  glass.  The  final  result, obtained 
is  6.670  X  10-8  cm^  g*"!.  sec. “2,  •- 

"While  the  results  obtained  appeared'  to  differ’  slightly  with  small 
balls  of  gold,  platinum,  or  glass,  it  was  shown  by  a  special  e^eriment  with 
the  form  of  torsion  balance  used  by  Eotvos  that  this  is  not  to  be-  a-ltrib-ated 
to  difference  in  material."  ...  , .  ;  ..-'•fi 

.Fourteen  figures  and  20  tables  illustrate  the  article. — V/;  Ayvazoglou 
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(43)  GRAVIMETRICAL  0RSEHVAT-I0!JS.  OF  THE  REREKEY  OIL  REGION  DURING 
•  THE  YEARS  1927  AND  1928  (IN  RUSSM) 

By  S.  P.  Poletajev  .  „  ...  , 

Neftianoe  Khoziaystvo,  vol.  19,  No.  10,  1930,.  pp.  385-392. 

)  .  .  ... 

The  problem  of  the  gravime.trical  survey-  of  the  Berekey  oil  region 
consisted  of  investigating  the  anticline  fold  and  establishing  the  structure 
of  the  dome  of  the  fcrarainiferousr  layers  *at  the  top  of  which  a  petrolepm 
horizon  was  known.  This  question  could  not  be  solved  satisfactorily  by  geolo¬ 
gists,  owing  to  the  absence  of  outcrops  and  insufficient  correctness  in  old 
geological  maps. 

'  ■  •  I  ♦ 

The  data  obtained  by  gravimetrical  survey  did  not  agree  with  the  old 
representation  of  the  geological  structure  of  the  region  of  Berekey  and  the 
direction-  of  the  axis  of  the  anticline  was  found  to  be  different  from  that  ex¬ 
pected  by  geologists.  The  results  of  the  gravimetrical  survey  are  given  in 
two  maps,  a  series  of  crosscuts  and  schemes  showing  the  structure  of  the 
Berekey  dome  as  based  on  the  data  obtained  during  1927  pnd  1928. 

The  following  conclusions  were  drawn:  , 

1.  It  was  proved  by  the  gravimetrical  work  that  the  geological  structure 
of  the  region  of  Berekey  was  more  complicated  than  could  be  expected  on  the 
basis  of  the  data  obtained  from  drilling. 

2.  There  is  a/break  of  forarainiferous  layers  along  the  anticline  axis 
not  only  in  the  territory  of  the  Berekey  petrole-om  field  but  also  to  the 
north  of  it. 

3.  The  foraminiferous  layers  in  the  region  of  the  oil  fields  are  not 

distributed  in  accord  with  chalk  and  probably  are  separated  from  it  by  less 
solid  masses  (clays).  .  '  , 

4.  In  order  to  explain  the  inconstancy  in  the  difference  of  the  mean 

densities  of  masses  sit-uated  above  and  below  the  too  of  the  foraminiferous 
layers,  it  must  be  assumed  that  the  foraminiferous  layers  in  the  region  of 
Berekey  are  divided  into  thin  scales. — W,  Ayvazoglou.  ;  , 

(44)  ELEiVlElTTS  OF  ISOSTASY  —  OBSERVATIONS  AND  INTERPRETATION 

By  William  Bowie 

Scientific  Monthly,  August,  1930,  pp.  163-176. 

Taking  into  consideration  the  iiirportance  of  isostasy  as  a  branch 
of  geophysical  science,  Bowie  describes  in. this  article  its  elements,  obser¬ 
vations,  and  interpretation  under  the  folloi^ing  headings:  1.  Measuring  of 
isostasy;  2.  Isostasy  in  India  (J.  Pratt  and  G.  Airy);  3.  Deflections  from 
the  vertical  and  their  ca-uses;  4.  Isostasy  in  the  United  States;  5.  Mainte¬ 
nance  of  isostatic  equilibrium;  6.<  The  earth  a  yielding  mass;  7.  Study  of 
gravity  anomalies  by  grouping  stations;  8.  Explanation  of  gravity  anomaly; 
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9.  Studies  of  isostasy  in  Canada;  10.  Determination  of  depth  of  compensation; 
11.  Horizontal  extent  of  compensation;  :12;f  denudation  and  ■-sedimentation;  13. 
Mountain  formation;  14.  Relation 'of  gravity  anomalies -  to  geological  structure. 


The  author  concludes  tha.t ^.niiuch  more  could  he  said  in  regard  to  the 
importance  of  keeping  isostasy  constantly  in  mind  when  one  tries  to  solve  the 
great  structural  and  dyiiamic  prohlems  of  ^olog^;.  and.t^at  undouhtedly  the 
literature  of  the  future  will  treat  isostasy  at  even  heater  length  than  has 
been  the  case  in  the  ■'past.— W;-A?^vaz9glou^  ... 


i-V. 


(45)  ISOSTATIC  COMPENSATION,? IH-.SELATIQU,- TO-. GEOLOGICAL'  BROSLEMS 


■:  :  'I 


■■■  .By,  George  R., Putnam  •  .h.,,-. 

The  Journal  of  Geology,  vol.  38,  No.  7,  1930,  pp.  590-600. 

...  The, bearing  of, gravity  results  on^, general .  geological  problems  is.  . 
made 'mo ne  clear  ;by  recognizing ,  the  fact  that- complete  local  isostasy  i'S|  im-  ; 
possible,  and-; that vsuch;  an  assumption  leads  to  anppeciable  prrors..  in  giayity 
anomalies  in  mountainous  regions..-,  The  horizontai,,and  vertical  distributions  , 
of  isostatic  compensation  are  interrelated,  and  should, be,  studied  together. 

The  ranges  of  assumotions  as  to  both  are  stated,  with  the  probable  limits. 

The  truth  of  regional  instead  of  lo^sal  isos tas.y  hag., important ..  ^bearings  on  geo¬ 
logical  deductions,  and  makes  the  gravity  results  more  consistent  with  other 
geological  evidence  as  to- the  earth' s.  crust. --Author '.s  abstract . 

2.  '  M^iGNPTIC  METHODS,-..,^'',,  \ 

-■  '  (46)  DIE  MAGNETISCHEN.  EIGENSCHA5TEN.  DER-  ERUP.TJV.GESTEIiTS  - 

(lAAGNSTIC  PROPERTIES 'of  ERUPTIVE  ROCNsj"''*’ 


’  ■  '■  By , Hurt  Puzicha  ,,,,  ' 

Zeitschrift  fuer  praktische  Geologic,  vol.  38,  No,  11,,1930, 
pp.  161-172,  and  No.  12,  1930,  pp.  184-189.  ' 


Contents  of  the  article:  •  .  -  •.  •  i  • 

1.  Introdijiction.  . 

2.  Critical  consideration  of  methods  used  so  far,  as  well  as  of  the  results, 


3.  Stating  of  the  problem. 


4.  Arrangement  of  the  experiments:  (a)  theory;  (b)  constructive  data; 

(c)  adjustment. 

*  ■  ^  ,  — • 

5.  The  results;  (a)  general,  tabular  classification  of  the  results  of 

measurements;  .(b)  -the  dependence  of  the  susceptibility  on  the  field 
strength;  (c)  the  dependence  of  the  susceptibility  on  the  mineral 
components  of  the  rocks;  ( d)  the  dependence  of  the  coercive  force 
and  of  the  remanence  on  the  mineral  components  of  the  rocks. 
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The  author's  shmttiary  of  the  article  reads  as  follows: 

'  With  the  aid  of' a‘ seftsitive  ballistic  measurc'uent  process  the  gen¬ 
eral  magneoic  properties  of  eruptive  rocks  were  exanined  on  a  large  number  of 
samules. 


It  was  established  that':  .  • 

1.  The  susceptibility' was  iiidependent  of  the- field  strength  only  in  a 
small  part  of  the  rocks  examined.  .  j- 

•  2.  The  susceptibility  decreased  with  the  increase  of  the.  field  strength 
only  in  exceptional  cases;;  in  most  cases  it  increased  with  the -increase  of 
the  field  strength.  This  increase  reached,  about  .230;  Gauss-,  almost  180  per 
cent  (65  per  cent  on  the  average)-.  ■  .  '  ■  ' 

3.  The  character-  of  the  susceptibility-' depended  mainly  on  the  content  of 
magnetite;  the  increase. v^as  proportionally  smaller  in  magnetic  pyrites. ;  A 
conclusion  on  the  amount  of. susceptibility  co.uld  not  be  drawn  from  the  quan¬ 
titative  determination  of  the  content  of- magnetite  only;  the  size  of  grains 
was  to  "be  taken  into  consideration  also. 

4.  The  grade  of  magnetizability  did  not  depend-  on  the  content  of  titanium 
in  the  magnetite;  ilmenit.e  did  not  prove  to-be  magnet izable. 

5.  The  coercive  force  amounted  to  several  b-ondred  Gauss.  It  depended 
mainly  on  the  content  of  iron’ oxides  ,  magneti."^  pyrites,  and  titanium-free 
magnetite.  Titani-um  magnetite  possessed  high  susceptibility  but  only  limited 
coercive  force. — Author's  abstract  translated  by  W.  Ayvazoglou. 

(47)  TERRESTRIAL  MGNETISM  EROll  THE  VIEVTPOINT;  OE  THE '  ENOIIIEER 
•  By  'N.  H*  Reck  :  • 

Scientific  Monthly,  April,  1930,  pp.  326-341. 

*  “  t  ■■  ■ 

A  description  of  instruments  and  proceedings  for  obtaining  data  on 
magnetic  surveying,  illustrated  by  photographs  and  diagrams,  is  given. 

The  difficulties  of  studying  all  the  different  phenomena  associated 
with  terrestrial  .nagnetism,  as  vrell  as  the  difficulty  of  completely  understand¬ 
ing  them  and  predicting  futiire  conditions  with  accuracy,  are  mentioned. 

The  author  predicts,  that  just  as  in  many  other  fields  of  physics 
the  investigations  started  for  a  definite  purpose  have  produced  wholly  unan¬ 
ticipated  results,  the  engineers  interested  in  terrestrial  magnetism,  although 
not  accustomed  to  undertake  problems  for  which  the  complete  solution  is  far 
ahead,  as  engineering  research  is  established  on  the  basis  of  immediate  or 
early  financial  return,  will  finally  also  have  tc  engage  in  research  which  has 
no  immediate  prospect  of  financial  return. — 'W.  Ayvazoglou. 
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(42)  SUR  LE  LSVE  MAG-IOTI^UE  ISES  KARPATES  IE  SKOLE  ET  IE  LEUR  AVANT-PAYS 
(ON  THE  I.1AGNETIC  SURVEY  IN  IHE  SICOLE- CARPATHIANS  AND  THEIR  FORELAND) 

(IN  POLISH) 

By  E.  Stenz  and  H.  Orkisz 

Compte  Rendu  du  l-er  Congres  de  la  geologie  du  petrole  a  Lwow, 

14-15  LecernlDer,  1929,  pp.  97-103 ^  ; 

TVo  magnetic  surveys  vere  carried  out  in  the  Skole- Carpathians  dur¬ 
ing  1929:  one  ahsolute  and  one  relative.  The  absolute  survey  has  been  car¬ 
ried  out  on  an  area  of  about  4,050  square  kilometers  within  the  limits  of  the 
1  :  75,000  maps  of  Drohobvcz,  Skole,  Bolechow  and  Zydaczow. 

Two  dip-needles  manufactured  by  Chasselon  in  Paris  and  one  magnetic 
theodolite  (small  model)  were  used  for  the  measurements.  The  distance  between 
the  points  of  magnetic  inclination  was  4  kilometers,  that  between  the  points 
of  the  horizontal  component  6  kilometers,  and  between  the  points  of  declination 
6  kilometers. 

In  general  there  were  made:  248  measurements  of  inclination,  65 
measurements  of  the  horizontal  component,  and  35  measurements  of  declination. 

All  the  results  were  reduced  to  the  same  epoch:  1928.5. 

The  relative ' survey  has  been  carried  out  for  the  purpose  of  prospec- 
tion.  It  consisted  of  990  points  of  measurements  of  the  vertical  component 
carried  out  within  the  limits  of  the  polygon  Stryj-Stebnik-SynowcTdzko-Bolechow- 
Zurawno-Zydaczow-Stryj .  The  density  of  the  points  was  equal  to  1  kilometer. 
Schmidt’s  magnetic  vertical  balances  were  used  for  the  observations. 

Records  obtained  with  the  Askania-Nerke  magnetograph,  installed  in 
Daszawa,  near  Stryj,  were  used  for  the  reduction  of  the  results  of  measurements. 

Maps  showing  (1)  tbe  horizontal  component  of  the  magnetic  field, 

(2)  the  inclination,  and  (3)  the  anomalies  of  the  inclination  are  added  to  the 
article. 


The  magnetic  survey  shows  an  interesting  agreement  between  the  course 
of  the  isodynamics  and  the  direction  of  the  Carpathian  "skibas"  (blocks  driven 
one  upon  the  other  in  the  direction,  in  this  region,  from  southwest  to  north¬ 
east). — Author's  abstract  translated  by  W.  Ayvazoglou. 
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(49)  regimes  pratiques  POUR  L’EMPLOI  DU  .MAOIETOMETRE,  •  ■ 

'■  DANS  LES  PROSPEGTIONS  GSCPHYSIQUSS 

(PRACTICAL  RULES  EOR  THE  USE  OF  THE  IvlAGL'ETOMETER  IN 
•  'GEOPHYSICAL  PROSPECTING) 

By  M.  C.  Alexanian 

Annales  de  1 'office  national  des  con’bus titles  liquides, 
vol.  5,'  No.  4.  1930, ‘nn.  677-702. 

Contents  of  the  article: 

Introduction. 

I  .  .  • 

Sources  of  error  arising  from:  (1)  construction;  (2)  o'bservation;  (3) 
natural  causes. 

•  . 

I.  Errors  arising  from  construction:  (1)  Errors  in  construction;  (2) 
displacement  of  the  center  of  gravity  of  the  magnetic  system;  (3)  displacement 
of  the  zero  point  of  the  scale;  (4)  determination  of  the  constants.  Scale- 
constants  (vertical  comuonent,  horizontal  component);  (5)  temnerat-ore  constants; 
(6)  variation  of  the  horizontality  of  the  apmaratus ;  (7)  conditions  of  the 
knife-edges. 

II.,  Errors  arising  from  o'bservation:  (1)  Choice  of  stations;  (2)  setting 
up  of  the  instrument;  (3)  position  of  the  operator;  (4)  carrying  out  of  meas¬ 
urements;  (5)  reading  of  the  scale;  (6)  determination,  of  the  east-west  mag¬ 
netic  direction.  Influence  of  the  bad  orientation  of  the  instrument;  (7) 
final  calculations. 

III.  Errors  due  to  natural  causes:  (1)  Displacement  of  geographic  coordi¬ 
nates;  (s)  daily  variations;  (3)  magnetic  storms;  (4)  electric  currents. 

.  '  V 

•  .  * 

IV.  Criticism  of  the  results  of  measurements:  (1)  Accuracy  of  measurements; 
(2)  agreement  between  the  points  of  measurement;  (3)  magnetic  profiles;  (4) 
verification  profiles;  magnetic  maps;  (5)  representation  of  numerical  oper¬ 
ations;  (6)  number  of  stations  w'nich  can  be  completed  during  one  day. 

/  The  different  sources  of  error  which  may  enter  into  the  course  of 
ouerations  during  a  magnetic  survey,  as  enumerated  in  the  .contents  above,  are 
discussed. --W.  AvvazogloU. 

3.  SEISMIC  i^THO'DS 

(50)  EARTHQUAKES,  A  CHALLENGE  TO  SCIENCE 

By  N.  H.  Heck 

Scientific  Monthly,  August,  1930,  pp.  113-126. 

After  a  brief  description  of  a  few  different  types  of  earthqua’.ces. 
which  majr  serve  for  the  purpose  of  illustration,  .the  author  discusses  the 


9057 


-  37  - 


I.C.  6452 


challenges  to  science  n  re  seated. 'by.- them,  the  first  of  them  being  the  cause  of 
earthquakes.  Concerning  the  relation  of  volcanoes  to  earthquakes,  the  author 
says  that  the  volcano  seemingly  is  a  localized  and  rather  superficial  uhenom- 
enon  as  compared  to  the  earthqualces,..  that  generally  earthquakes  are  due  to 
the  slipping  of  two  rock  surfaces  on  one  another,  and  that  it  is  peculiarly 
helpful  to  study  the  effect  at  the  surface.  Some  examples  supporting  this 
supposition  are  given. 

The  •necessity''for  accurate  determination  _of  , the  positions  and  eleva¬ 
tions  of  fixed  points  in ‘order  to  study  the  surface  effects  caused  by  earth¬ 
quakes  is  mentioned.  ■  .. 

The  method  of  attacking  the  problem  of  studying  the.  point  of  origin 

of  an  earthquake  by  measuring  the  time  of  travel  of  waves  produced  bv  large 

explosions,  since  in  this  case  the  point  of  .origin  is  known,  has  resulted  in 

the  development  and  confirmation  of  the  important  earthquake  wave  theory. 

Principal  earthquake  waves  are  discussed  and  their  paths  shown  in  figures. 

The  theory  of  isostasy  is  mentioned  and  illustrated  by  a  figure.  Two  maps, 

one  showing  the' places  of 'known  earthquakes  of  the  United  States  and  another 

the  distribution  of  seismol.ogical  stations  of  the  United  States,  and  adjacent 

Canada  are  added.  .  .  *  ' 

,  » 

Tile  last  part  of  the  article  deals  with  instruments  for  recording 
earthquakes.  Photographs  of  the  7ifood- Anders  on  torsion  seismometer  and  the 
Uenner  seismometer,  as  well, as  the  record  produced  by  the  latter,  are  given. — 
77.  Ayvazoglou.'  ■  .  ' 

(51')  ON  THE  relation  BET./EEN  THE  SUNSPOT  NUlvlBER  AND  THE 
'  DESTRUGTI^/E  EARTHQUAKES  IN  JAPAN  (IN  JAPANESE) 

By  Takeo  Tai^Y^nis-  sind  Takeo  Suzuki 

Bulletin  of  the  earthquake  research  institute,  Tokyo  Imperial  University, 

vol.  8,  No.  3.  1930,  pp.  364-374, 

f  ...  . 

The  present  investigation  is  a  statistical  study  on  the  relation  be¬ 
tween  sunspot  activity  and  the  destructive  earthquakes  in  Japan  (Formosa  ex¬ 
cluded)  for  318  years  from  1608  to  1925.  (Time  and  space  distribution  of 
destructive  earthquakes  is  shown  in  a  figure.)  Tne  method  of  this  investiga¬ 
tion  is  that  the  number  of  destructive  earthquakes  which  occurred  for  three 
years  containing  the  year  of  sunspot  maximum  or  minimum  and  compared  to  the 
same  in  the  other  years,  have  been  coionted  and  reduced  to  the  frequency  in  an 
equal  duration,  which  at  least  were  represented  by,  the  percentage  frequency. 
Similarly  the  earthquakes  percentage  for  five  years  of  sunspot  maximum  or 
minimum  was  calculated. 

The  values  of  percentage  given  in  four  tables  in  the  text  are  the 
mean  values  of  these  t^'^o  cases.  The  authors  took  statistics  dividing  the  whole 
time  interval  into  two' or  four  and  also  the  space  into  three  zones,  i.e., 
Omori's  inner  (Japan  Sea  side)  and  external  (Pacific  side)  seismic  zones  and 
the  inland  zone  of  earthquakes  which  is  the  aggregate  of  several  local  seismic 
zones  between  the  above  two.  The, result  obtained  is  summarized  as  follows; 
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1.  The  authors  co\a3.d  not  find  any  noteworthy  relation  from  the  statisti¬ 
cal  data  taken  over  the  whole  Japanese  area  (Table  1). 

2.  When,  however,  the  three  seismic  zones  avs  considered  separately,  there 
exist  noteworthy  relations,  that  is:  (1)  In  the  inner  seismic  zone  the  earth¬ 
quakes  occurs  more  frequently  in  the  vicinity  of  the  sunspot  maximum;  (2)  in 
the  external  seismic  zone,  on  the  contrary-,  the  earthqnalces  occurs  more  fre¬ 
quently  in  the  vicinity  of  the  sunspot  minimum;  •  and  (3)  in  the  inland  or' 
middle  seismic  zone  the  relation  is  not  notevrorthy  (the  relations  are  shown  in 
figures).  These  facts  suggest  some  possible  relation  in  connection  with  the 
shift  of  the  zone  of  the  atmospheric  hi^  pressure. 

3.  On  the' cyclicity  of  the  destructive  earthquakes  in  Japan  for  from  660 

to  1925,  the  curves  of  fluctmtion  of  the  seismic  frequency  have  been  constructed 
by  taking  various  time  intervals  as  unit  of  time  in  which  the  frequency  is 
counted. 

Each  curve  showed  the  apparent  cyclic  nature  with  its  own  period, 
which  is  found  to  be  three  or  four  times  as  long  as  the  assumed  unit  interval 
as  shown  in  a  table.'  This  clearly  shows-  that  the  apparent  periodicity  is  not 
the  real  one  but  is  subjected  to  the  accidental  phenomena  completely  investigated 
by  Prof.  T-  Terada. — Author's  abstract. 

(52)  REStJLTS  OP  ELAGTIC-WAVE  SURVEYS  IN  OALIPORNIA  AND  ELSEWHERE 

By  Prank  Rieber 

Bulletin  of  the  American  Association  of  Petroleum  Ge^l^Sists, 
vol.  14,  No.  12,  1930,  pp.  1557-1571. 

The  author's  abstract  reads  as  follows: 

"Geophysical  exploration  in  loosely  consolidated  materials  presents 
a  problem  different  from  similar  surveys  in  areas  where  there  is  a  marked  dif¬ 
ferentiation  between  beds.  However,  even  in  these  loosely  consolidated  mater¬ 
ials,  velocity  of  wave  transmission  varies  in  general  with  depth  of  original 
overburden,  and  correlations  based  on  this  fact  have  been  found  reliable. 
Apparatus  has  been  specially  developed  to  meet  the  requirements  of  operation 
in  such  materials." 

The  question  is  discussed  under  the  following  headings: 

1.  Relation  of  lithology  to  velocity  characteristics; 

2.  Relation  of  velocity  to  depth  of  original  overburden; 

3.  Accuracy  requirements  in  mapping  loosely  consol icJated  sediments; 

4.  Special  features  of  interpretation  of  results; 

5.  Requirements  for  apparatus  for  mapping  loosely  consolidated  materials. 

Sixteen  figures  illustrate  the  article. — y.  Ayvazoglou. 
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(53)  THE  SCREENING  OE  SOUTHEND  FROM  GUNFIRE 
Editorial  note 


Engineering,  vol.  130,  No.  3387*  1930,  pp.  731-732. 


Tlie  mechanism  "by  which  velocity  6nd  temperature  gradients  cause  the 
refraction  of  sound  is  discussed.  The  hasiS  bf  refhhction'  is, , 'briefly,"' thht 
the  speed  of  sound  propagation  is  increased  "by- use  of  air  teinperature  and  in¬ 
crease  of  wind  speed."  If  a  sound  wave-front  "be  imagined  to  impinge  ohliquely 
on  a  stratum  of  air  in'which  the  ferapOrature  rises  with  altitude,  the  upper 
part  of  the  wave,  which  penetrates  first  into  the  hi^er- temperature  region'; 
travels  faster  then  the  lower  part,  and  the  inclination  of  that  portion  of  the 
wave  to  the  horizontal  ■is''Hncreased.  ^Tf  the'- instantaneous- direction  of  propa¬ 
gation  is  normal"  to  the  waVe-frdnt,'  the  sound  iS  -graduaily  re fi*ac ted- toward 
the  earth.  Similarly,  if '  the  wind  Component  in  thO  ' direction  of-  the 'sound'  ' 
increases  with  height,  the  waves  are  refracted  downwards.  Conversely,  if  the 
wind  and  temperature  gradients  "be  such  as  to  reduce  the  speed  of  sound  as  alti¬ 
tude  increases,  the  wave-frOnt  ' is "re frac ted  upwards .  i  These  effects  are  illus¬ 
trated  "By  diagrams.  A  formula 'for  the  hsi^t  of  the  acoustical  Shadow  for  a 
certain  distance  from  the -source  of" sound  is  derived.  ' 


An  example  of  the  application  of  the  existing  aporoximatei methods'" 
concerning  acoustic  investigations  are  given  by  Dr.  \1.  S.  Tucker  in  connection 
with  the  screening  of  the  north  side  of  the  Thames  Estuary  from  the  noise  of 
16-inch  gunfire  practice  in  the  Isle  of  Grain. 


Experiments  with  seismographs  showed  that  no  appreciable  disturbance 
was  transmitted  through  the  ground.  Therefore  investigatiohs  of  the  '<onde  de 
choc"  (sound  due  to  the  compression  wave  at' the  nose  of  ••a"  high-velocity  pro¬ 
jectile)  were  carried  out.  For  the  prediction  of  suitable  firing  conditions 
photographic  records  of  gun  reports' ‘were- taken  by  SOund  ranging ‘apparatus  at 
three  stations  along  the  Southend  front.  The  records  are  reproduced  in  figures. 


In  order  to  facilitate  the  forecasting  of •safe' firing  conditions, 
Tucker  devised  a  series  of  cellxiloid  disks,-  shaped  like  the  shadow  diagrams 
shown  in  three  figures.  To  ascertain  nieteorological  Cohditions,  thO'-approxi- 
mate  wind  gradient  disk  is  placed  on  a  map  of  the  district,  with  its  center  at 
the  gun,  and  oriented  to  the 'wind  direction  prevailing  at  the  time.  •  The 
aporoximate  temoerature  gradient  disk  is  superimposed,  and  the  height  of  the 
resultant  shadow  at  the  range  (5  miles)  for  which  the  disks  are  designed  may 
be  read  off  to  scale.— "W.  AyvazOglou.  '•  • 


4.  "  -'ELEGTRICAD  "  MSiHODS  ' 


(54) "ELECTRICAL  PROSPECTING  ^ . 

By  Allen  A.  Rogers  '  v;' v." 

The  Tech  Engineering  News,  vol.  11,  No.  6,' 1930,  pp,  -218-219  and  243, 


.  ■  After  a  brief  mention  of  geophysics  as  an  agency,  of  prospecting  for 

minerals  and  oil,  the  author  describes  the  application  of  electricity  for 
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geophysical  prospecting.  The  method  of  equipotential  lines  and  that  of  induc¬ 
tion  are  discussed.  A  map  of  current  and  equipotential  lines  and  a  ulan  and. 
profile  views  of  an  ore  deposit  located  hy  electrical  prospecting  are  given. 

In  conclusion  Rogers  points  out  that  geophysical  prospecting,  "being  a  new  tool 
for  the  geologist  and  mining  engineer,  can  he  used  only  hy  those  trained  in  this 
art.  As  an  aid  to  extending  the  scope  of  the  results  of  geological  studies,  to 
finding  and  tracing  certain  concealed  features  of  the  earth's  crust,  it  is  in¬ 
valuable  and  its  use  is  hound  to  increase. — V/.  Ajnrazoglou. 

(55)  MESSUNG  DER  ELEK'IRISCHSN  ERDR0rEj:ffiIGEKSCE4ETSN  ZWISCHEU 
20  UND  2.10'^  HERTZ.  (CYCLES  PER  SECOND) 

(ivIEASIHEi^iENT  OF,  ELECTRICAL  PROPERTIES  OF  THE  SOIL 
ESTV/EEN  20  AITD  2.10”^  HERTZ) 

By  M.  J.  0.  Strutt 

Elektrische  Nachrichten-Technik,  vol.  7,  No.  10,  1930,  pp.  1-8. 

Contents  of  the  article: 

1.  Imoortance  of  the  electrical  uroperties  of  the  soil. 

2.  Measurements  between  20  and  6.10^  Hertz. 

3.  Arrangements  for  measurements  between  6.10^  and  2.10  Hertz. 

4.  Calibration,  of  the  tubular  voltmeter  in  case  of  short  waves. 

5.  Results  of  measurements  in  case  of  short  waves. 

6.  Discussion  of  the  results. 

7 .  Summary. 

The  author  measured  the  electrical  conductivity  between  20  and  5.10 
Hertz,  as  well  as  the  electrical  conductivity  and  the  dielectric  constant  be¬ 
tween  6.10^  and  2.10"'’  Hertz  (undamped)  in  a  moderately  moist  meadow  ground. 

The  following  results  were  obtained: 

1.  The  conductivity  increased  between  20  and  500  Hertz  to  about  30  per 
cent  (polarization)  and  then  remained  practically  constant  up  to  2.10*^  Hertz. 

2.  This  frequency  course  remained  approximately  valid  also  in  case  of  a 
sli^t  change  of  the  water  content  in  the  soil. 

3.  Contrary  to  the  author's  expectation,  after  a  rain  the  damping  influ¬ 
ence  of  the  soil  upon  the  electrical  wire  waves  decreased  for  waves  below  200 
meters. 

4.  The  dielectric  constant  increased,  owing  to  the  rain,  relatively  more 
than  the  conductivity  —  this  explained  the  conditions  mentioned  in  No.  3. 
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5.  The  dielectric  constants  were  about  10  and  15  (on  the  same  ground 
after  rain).  Between  10^  and  2.10  Hertz  they  depended  on  frequency  to  a 
sli^t  degree  only. — Author's  abstract  translated  by  V/.  Aj^vasoglou. 


(56)  ELECTRICAL  PROSPECTING  IN  THE  REGION  OP  GROZNY  (IN  RUSSIAN) 

By  D.  Golubiatnikov 

Azerbeidjanskoe  Neftianoe  Khoziaystvo,  vol;.  10,  No,  10,  1930,  pp.  51-54. 

The  author  describes  the  apolication  of  Schlunberger ' s  method  for 
investigation  of  rocks  along  the  drilled  holes  (Pblectrical  logs")  in  the  region 
of  Grozny.  Field  work  carried  out  by  Schlumberger ' s  method  of.  electrical  pros¬ 
pecting  is  discussed.  The  methods  are  briefly  described.  The  results  exe 
summed  up  as  follows:  .  •  •  ' 

Investigation  of  rocks  along  the  drilled  holes  by  the  method  of 
electrical  logs  (carrotage)  proved  to  be  very  satisfactory;  several  oil-bearing 
and  water-bearing  horizons  not  mentioned  in  the  geological  structural  maps 
were  established.  Schlnraberger 's  method  of  electrical  prospecting  in  places 
covered  with  alluvium  where  good  results  can  not  be  secured  by  digging  is  the 
sole  means  by  which  a  quick  answer  on  the  conditions  of  the  structure  of  the 
subsoil  can  be  obtained. — -W,  Ayvazoglou. 


(57)  ELECTRICAL  PROSPECTING  IN  THE  REGION  OF  GROZNY  (IN  RUSSIAN) 

By  D.  Golubiatnikov  , 

Za  Neftianuiu  Piatiletku  (for  the  5-year  oil  industry  program). 

No.  11-12,  1930,  pp.  11-14. 

The  author  describes  the  electrical  prospecting  work  carried  out 
according  to  Schlumberger 's  method  in  the  region  of  Grozny.  Si3C  parties  were 
intrusted  with  the  examination  of  rocks  along  the  holes,  investigation  of  sec¬ 
tions  of  the  holes,  establishment  of  oil-bcaring  and  water-bearing  horizons, 
determination  of  the  struct^’oral  details  of  the  Novo-Grozny  and  Staro-Grbzny 
regions,  search  for  new  structures  in  the  area  adjoining  the  industrial  regions 
and  finally  with  the  establishment  of  the  possibility  of  finding  the  raising 
of  the  anticline  toward  the  great  plain  to  the  north  of  the  industrial  region. 
All  these  geological  tasks  were  solved  by  electrical  prospecting  very  success- 

Aj-vazoglou.  ■  baDIOACTIVE  MSTOOPS 

(58)  KENNSLLY-HEAVISIDE  LAYER  .HEIGHT  .OBSERVATIONS'."  .  , 

FOR  4,045  AND  8,650  KC. 

By  T.  R.  Gilliland 

Bureau  of  Standards  Journal  of  Research,  vol.  5,  No.  5,  1930,  pp.  1057-1068. 


Virtual  heights  of  the  Kennelly-Heaviside  layer  as  measured  by  the 
radio-echo  method  are  reported  for  4,045  and  8,650  kc.  The  report  covers  day¬ 
time  observations  made  each  week  between  January  16  and  June  19,  1930.  Two 
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evening  tests  are  also  described.  Curves  are  given  comparing  heights  with 
sunspot  numbers  and  magnetic  character.  Records  taken  on  April  28,  1930,  the 
day  of  the  solar . eclipse,  are  shown. --Author’s  abstract. 

(59)  RADIOACTIVE  PROPERTIES  OF  ROCL'S,  SOILS,  CRUDE  OIL 
AED  IkATERS  FROM  SOUTHSRU  CAI.IFORNIA 

By  J.  Lloyd  Bohn 

JoTurnal  of  the  Franklin  Institiite,  vol.  210,  Uo.  4,  1930,  pp.  461-472. 

This  uaner  includes  measurements  on  waters  from  Lake  Arrowhead, 
Arrowhead  Hot  Springs,  Harlem  Hot  Springs,  the  paci'fic  Ocean,  and  from  numer¬ 
ous  wells  and  tunnels  of" the  Pasadena  and  neighboring  water  supulies,  'It  also 
includes  measurements  dn  rodcs,  soils,  and  crude  oil. 

The  activity  of  the  water  of  Lake  'Arrowhead  is  found  to  be  one  hun¬ 
dred  times  smaller  than 'the  minimum  that  could  be  detected  with  the  electro¬ 
scopes  used  for  cosuiic  ray  measuieraents  by  Millikan  and  Cameron.  This  lake 
is,  therefore,  very  suitable  for  cosmic  ray  measurements .  •  Tlie  Pasadena  wells 
yield  waters  aunroximately  one  thousand  times  as  active  as  the  Lake  Arrowhead 
water, ‘thus  making  the  Pasadena  reservoirs  unsuitable  for  these  measurements. 

The  ratio  between  the  activity  of  the  soil  at  Lake  Arrowhead  and 
that  of  the  soil  from  the  Institute  campus, ■ as  obtained  by  Millikan  and  Cameron 
from  their  cosmic  ray  data,  is  in  good  agreement  with  the ‘results  in  this  re¬ 
port.  However,  in  this  report  no  account  is  taken  of  the  ^-radiation  due  to 
the  thorium  series,  which  is  of  the  order  of,  and  probably  uligitly  exceeding, 
that  due  to  the  radium  series.  If  the  ThI  Ra  ratio  is  constant,  as  is  usually 
the  case,  then  the  results  of  the  two  methods  are  in  good  agreement. 

The  average  radium  content  of  the  acid  intrusive  rocks  in  the  vicin¬ 
ity  of  Devil's  Gate  Dam,  Pasadena,  is  found  to  be  2.3  x  10“^^  grams  of  radium 
per  gram  of  rock.  •  ^ 

Pasadena  tap  water  contains  about  1  eman  or  1  x  10“^*^  curies  per 
liter,  while  the  average  of  the  sources  is  about  five  times  as  great.  The 
radium  emanation  found  in  crude  oil  was  of  the  same  order  of  magnitude  as  that 
found  in  well  water. 

Carnotite  when  f-'ased  with  carbonates  at  about  1,000°  C.  loses  part 
of  its  Ra  —  probably  as  a  sublimate  of  RaBr2. 

Such  a  loss  in  fusing  rocks  mignt  account  for  the  discrepancy  be¬ 
tween  the  solution  and  fusion  methods’ as  found  by  J.  Joly. — Author's  abstract. 


9057 


-  43  - 


I.C.  6452 


■'  (60)  UlITERSUCHUKG  USBER  DIE  BEZIEHUWG  DER  HliirElJSTRAHLUNG  ZU 

•  .  ERIMAGNETISCHEN,  STtoUNGEN  , 

'(lNVESTi'GA.TlbN  ON  THE  RELATION  OF  PENETRATING  RADIATION 
'to  EARTH-MAGNETIC  DISTURBANCES) 

'Ey  Walter  M.  H.  Schulze 

Physikalische  Zeitschrift,  vol.  31,  No,.  22,  1930,  pp.  1022-1025. 

As  long  as  the  penetrating  radiation  was  considered  to  he  a  very 
hard  ^-radiation  no  relation  between  the  intensity  of  radiation  and  the 
earth-magnetic  phenomena  was  expected  theoretically;  therefore  no  experimental 
investigation  has  been  made  in  this  line.  This  question  became  of  practical 
interest  after  the  results  obtained,  by  investigations  carried  out  by  Bothe 
and  Kohlhorster  with  Geiger’s  electron  counter,'  according  to  which  there  were 
found,  in  additionto  J^-rays,  also  rays  6f  very ’high  penetration,  that  is  very 
rapid  corpuscular  rays,  probably  of  the  type  of  -rays. 

In  this  article  the  author  gives  the  results  of  his  studies,  together 
with  those  of  Gorlin,  concerning  the  exact  calculation  of  correlation  between 
the  intensity  of  penetrating  radiation  and  single  earth-magnetic  elements. 

At  the  disposal  of  the  author  was  a  series  of  penetrating  radiation- 
intensity  measurements  carried  out  by  Corlin,  as  well  as  observations  on  the 
most  important  meteorological,  magnetic,  and  aurora  borealis  phenomena  in 
Abisco  made  from  October  16,  1929,  to  January  12,,  1930.'' 

■  The  measurements  were  made  with  Buttner'b  radiation  apparatus  A’of 

Kohlhorster 's  type  III.  The  results  of  the  measurements  arb  given  in  a  series 
of  tables .  . 


.  ■  A  noticeable  influence,  of  magnet.ip  declination  disturbances  could 

not  be  established  on  the  basis  of  the  investigations  made.  The  question  of. 
the  effect  of  the  changes  of  the  horizontal  and  vertical  intensity  upon 
ionization  will  be  taken  up  for  study. 


In  conclusion  the  author  mentions  briefly  the  relations  to  aurora 
borealis  as  established  by  investigations  made  by  him. — ^W.  Ayvazoglou. 

(61)  SCATTERING  OF  HARD  ^-RAY3 

By  C. .  Y.  Chao  h 


The  Physical  .Review,  vol.  36,  No.  10,  1930,  pp.  1519-1523. 

In  a  previous  study  of  the  absorption  coefficient  of  hard  ^^rays  in 
various  elements  (Chao,  Proc.  Nat.  Acad.  Sci. ,  vol.  16,  1930,  p.  431)  the 
author  has  fonnd  that  the  absorption  coefficient  of  light  elements  was  pre¬ 
dicted  fairly  well  by  the  Klein-Nishina  formula,  which  assumes  that  the  removal 
of  the  energy  from  the  primary  beam  is  entirely  due  to  Compton  scattering  of 
the  extranuclear  electrons.  For  heavy  elements,  however,  the  experimental 


9057 


-  44  - 


I.C.  6452 


value  was  much  larger  than  was  to  bererroected.from  the  KLein-Nishina  formula 
or  any  other,  iwo  causes  can  be  suggested  to  explain  this  additional  absorp¬ 
tion:  (a)  It  may,, be' ah  extranuclear  phshbiuenon,  due  either  to  an  ordinary 
■photoelectric  absorutioh  or  a  breakdown  of*  the < Klein- iJishina.  form 'ol a  for  Com-o- 
ton  scattering  In  these  el'emehts;  (b)  it  may  also  be  a  nuclear,  phenomenon, 
such  as  the  scattering  by  particles  inside  the  nucleus^  p,r  ariy  other  nuclear 
absorption  (like  the  excitation  of  the  photoelectric .affect  occurring  there). 
In  an  .attempt  to  obtain  more  information  about  these  questions,  a^study  of  the 
scattered  rays  has  been  made.  ■  •-  .  .  \  : 


fqllows ; 


The  results  obtained  from  this  study  are  summed  up'  b,y  the  author  as 

^  •  t 


Meas-uferaents'h'ave'  b^eh- made  on  the  scattering  of  ^f-rays  from  Th  C 
by  A1  and  Pb.  For  A1  the  scatterihg  is,-  ■within  experimental  error,  that  pre¬ 
dicted  by  the  Klein-Nishina' formula;  For  Pb'additional  scattered  ra,ys  were 
observed.  ,  The  waver-lehgth'  and  space  distribution  of  these,  are  inconsistent 
with  an  extranuclear  scatterer,  and  hence'  they  must  .have  their  origin  in  the 
nuclei. — Author's  abstract- 


■.(62)  .pN  .'.fe'  *Qri2STIOT  0?  GOiJSTMCT  OF  THE  COSMIC  RADIATION 
.  .  AND : 'JHE'  il^IATION  'OF  TNESE  '  PAYS ' ■  TO  .METEOROLOGY 

.--,■■^.,''...,.1,  '■  .  By  Robert  A.  Millikan.  ..,  .. 

[  ' ' ^  ^ 

The  physical 'Review,' VO  1.  36,  No.  11,  1930,  pp, '”1595-1603. 


.  :.r'i  .  ,  J  .  ,  •• 

Mean  cosmic-ra-y'  intensities  have''been  measured  with  much  precision 
both  at  Pasadena,  Ca-lif.  (latitude  34),  and  at  Churchill,  Manitoba' .(latitude 
59),  the  ‘latter  a  distance  of  730  miles  from  the  North  magnetic  pole. 


1.  The  observed  .equality  in  these  intensities  indicates  that  these  rays 
enter  the  e^th's  atmosphere  as  photons  rather . ..than  as.str;e£!ms  of  electrons. 

2.  Evidence  is  presented  that  the  incoming  rays  are  of  a  uniform  intensi¬ 
ty  in  all  directions  and  in  all  latitudes,  the  small  and  apparently  erratic 
fluctioations  found  by  many  observers  at  different  stations  arising  simply  from 
eruptions,  waves,  or  ripples  which  change. the  thickness  of  the  atmospheric 
blanket  interposed  between  the  source  and 'the  observer. 


I  ■'*■'•  I 

3.  The  cosmic-ray  electroscope  thus  acquires  significance  as  a  meterolog- 
ical  instrument. 

-  *  ■ 

4.  The  influence  of  these  rays  in  the  maintenance  of  the  earth's  charge 
is  considered. — Author's  abstract. 
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(63)  THE  SIGNIFICANCE  OP  RECENT  COSMIC-RAY  EXPERIMENTS 
By  R.  A.  Millilcan  and  I.  S.  Bowen 

Proceedings  of  the  National  Academy  of  Sciences, 
vol.  16,  No.  6,  1930,  pp.  421-425. 

The  particular  recent  cosmic-ray  experiments,  the  significance  of 
which  is  discussed  in  this  article,  are  (1)  as  yet  unpublished  results  of 
work  by  Millikan  and  Cameron  on  absorption  coefficients  of  cosmic  rays  on 
high  mountains  and  at  great  depths  in  mountain  lakes,  (2)  recent  experiments 
by  Millikan  and  Bowen  on  the  absorption  of  gamma  rays  in  mountain  lakes,  (3) 
new  experiments  in  the  Norman  Bridge  Laboratory  by  Chao  on  gamma- ray  absorp¬ 
tion,  and  (4)  experiments  by  Bothe  and  Kohlhorster  and  by  Curtiss  on  coinci¬ 
dences  obtained  with  the  use  of  cosmic  rays  in  Geiger-Muller  ionization 
counters. 


The  authors  revealed,  in  accord  with  Regener's  finding,  a  very  weak, 
very  penetrating  radiation  at  great  depth  beneath  the  surface  of  Gem  Lnlce, 

300  feet  and  more,  due,  according  to  the  atom- building  hypothesis,  to  the 
formation  of  the  heavy  and  rarer  elements  out'  of  hydrogen.  They  also  revealed 
at  great  altitudes  on  mountain  peal^s  the  steeper  ionization- depth  curve  pre-- 
dieted  by  the  Klein-Nishina  formula  from  the  hypothetical  formation  of  helium 
out  of  hydrogen. 

The  nenetrating  power  of  the  softest  of  the  cosmic  rays  was  found 
to  be  rou^ly  five  times  that  of  these  gamma  rays  of  Th  C^^«  This  relative 
penetrating  power  corresponds,  according  to  the  Klein-Nishina  formula,  to  an 
energy  of  the  softest  cosmis  rays  about  ten  times  that  of  these  hardest  gamma 
rays,  and  this  is  also  the  relative  energy  of  the  gamma  rays  from  Th  C^^  and 
the  energy  of  the  softest  cosmic  ray  as  computed  from  the  Einstein  equation, 
the  Aston  curve  and  the  assumption  that  the  softest  cosmic  ray  is  produced  by 
the  formation  of  helium  out  of  hydrogen.  These  facts  support  strongly  the 
atom- building  theory. 

The  experiments  are  of  great  importance  because  they  show  that  beta 
rays  of  the  enormous  energies  involved  in  the  cosmic  rays  have  a  penetrating 
power  of  the  same  order  of  magnitude  as  the  cosmic  rays  themselves.  This  is  a 
new  and  an  important  discovery,  and  it  is  the  whole  significance  of  these  ex¬ 
periments. 


Thus  if  energies  of  considerably  more  than  500  million  volt-electrons 
could  be  established,  then  the  theory  of  atom  building  in  interstellar  space 
as  the  source  of  the  cosmic  rays  would  have  to  be  abandoned. — W.  Ayvazoglou. 

7.  UNCLASSIFIED  METHODS 
(64)  GEOPHYSICAL  NOTES  ON  CALIFORNIA  AREA 
By  Paul  B.  liVhitney 

The  Oil  and  Gas  Journal,  vol.  29,  ^'^o.  32,  1930,  pp.  32,  146-153. 

The  author  expresses  his  confidence  that  geophysical  methods  will 
be  extensively  emuloyed  in  California  for  solution  of  unknown  structural 
9057  -  46  - 


I.C. 


conditions,  particularly  in  the  San  Joaquin- and  Sacramento  Valleys,  as  nearly 
all  of  the  geophysical  methods  (electrical,  electromagnetic,  torsion  balance, 
seismograph,  and  magnetic)  have  given  practical  results  in  California. 

Some  results  of  geophysical  surveys  carried  out  in  Cd-liforuia  are 
explained,  based  on  cur\es,  graphs,  isograms,  and  profiles  given  in  the 
article. 

The  outlook  for  the  future  application  of  geophysical  methods  in 
California  is  especially  promising,  taking  into  consideration  that  the  cost  of 
establishing  and  maintaining  an  efficient  geophysical  department  is  less  per 
year  than  the  cost  of  cne  dry  hole,  thus,  with  expectation  of  but  one  new  dis¬ 
covery  in  two  years  time<  the  maintenance  of  a  strong  geophysical  department 
is  economically  more  than  justified  for  any 'oil  compan;,’-. — W.  Ayvazoglou. 

’  ,(65).  GSGPHYSICAL' PROSPECTING 'in  1930 
By  Eonald  H.  McLaughlin 

Mining  and  Metallurgy,  vpl.  12,  No.  289,  1931,  pp.  22-26. 

The  increasing  use  of  geophysical  methods  by  geologists  and  engi¬ 
neers  during  the,  past  year  is  mentioned  as  a  significant  and  an  encouraging 
sign. 


The  relation  of  geophysical’ and  geological  work  has  become  increas¬ 
ingly  clear. 

A  slumo  in  geophysical  exploration  was  noticeable  in  the  Gulf  Coast 
region  during  the  past  six  months  on  account  of  the  contrast  to  the  great 
activity  at  the  beginning  of  the  year.  The  subsequent  sudden  decrease  in  geo- 
ohysical  prospecting  in  this  region  can  probably  be  attributed  chiefl"''’  to  the 
depression  in  the  oil  business,  .rather  than  to  discouragement  over  results,  but 
to  an  important  extent  it  was  due  to  the  completion  of  surveys  in  the  most 
promising  areas. 

i 

■  The  efforts  to  secure  records  from  greater  depths  with  the  seismic 
methods  have  brought  about  m^ny  revisions  leading  to  greater  accuracy  in  time- 
distance  observations.  Commercial  magnetometer  surveys  have  been  greatly 
restricted  during  the  past  six  months,  but  the  usual  steady  accumulation  of 
records  from  scientific  work  in  this  field  still  continues. 

Electrical  prospecting  during  the, year  continued  to  be  applied  in  a 
wide  range  of  geological  problems,  from  structural  work  in  petroleum  fields  to 
foundation  investigations  for  dams.  In  the  search  for  metallic  ores,  satis¬ 
factory  results  continue  to  be  reported  from  districts  where  conditions  are 
suitable  for  effective  work.  .... 

In  conclusion  the  author  mentions  the  following  three  meetings  held 
during  the  year  that  were  of  uarticular  importance  with  respect  to  presentation 
of  papers  on  geophysical  prospecting  and  for  the  exchange  of  information:  (1) 
The  American  Institute  of  Mining  and  Metallurgical  Engineers,  (2)  the  American 
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Association  of  Petroleum  Geologistsi  and  (3)  the  Fourth  General  Assembly  of 
the  International  Union  of  Geodesy  dnd  Geouhysics  held  in  Stockholm,  Sweden. 

The  widening  interest  in  geouhysical  prospecting  in  England,  the 
publication  of  the  special  suoulement  to  Garland's  Beitrage  zur  Geophysik, 
entitled  Erganzungshefte  fur  Angewandte  Geophysik,  the  auoearance  of  the 
Boletin  de  la  Asociacion  Geofisica'  de  Mexico-,'  as  well  as  the  work  of  the 
U.  S.  Bureau  of  Mines,  are  mentioned. — W.  Ayvazoglou.  ■ 

(66)  GEOPHYSICAL  PROSPECTING  POSSIBILITIES  FOR  TIN  IN  THE 

FEDEPJITED  MALAY  STATES 

Editorial  note 

The  Mining  Journal,  London,  vol.  170,  No.  495b,  1930,  pp.  658-659. 

This  is  a  portion  of  the  report  on  the  application  of  geophysical 
methods  of  prospecting  for  the  investigation  of  tin  ores.  The  report  was 
made  by  Mr.  Broughton  Edge  based  on  his  visit  in  the  Federated  Malay  States 
from  July  22  to  August  2,  1929.  It  embodies  the  conclusions  arrived  at  after 
discussion  with  the"  Director  and  other- members  of  the  F.  M.  S.  Geological 
Survey  Department,  together  with  visits  to  the  principal  tin  producing  centers 
in  Perak  and  Selangor. 

The  following  kinds  of  tin  deposits  were  investigated: 

1. '  Alluvial  and  residiial'  tin  deposits.  •  ' 

2.  Sulphide  bearing  tin-pipes  in  limestone. 


3.  Sulphide  bearing  tin  lodes  in  granite. 

'4.  Sulphide  bearing  tin  lodes  in  schist. 

The  conclusions  drawn  read  as  follows:  •  ' 

Geophysical  methods  of  prospecting,  in  their  present  stage  of  de¬ 
velopment,  can  not  be  apulied  extensively  to  the  mining  fields  in 
Perak  and  Selangor  which  were  visited  —  or  to  those  in  other  parts 
of  the  F.''M.  S.  where  the  modes  of  occurrence  are  similar. 

In  the  cases  of  alluvial  and  eluvial  tin  deposits  there  is  little 
prospecting  of  success  by  any  geophysical  method,  but  the  sulphide 
bearing  tin  lodes  and  piue  deposits  occurring  in  granite,  schist,  and 
limestone  present  more  favorable  conditions.  There  is  good  reason  to 
believe  that  certain  of  the  geoelectrical  methods  would  be  effective 
in  locating  them. 

In  particular,  important  possibilities  are  presented  by  the  sul¬ 
phide  bearing  tin-pipes  which  are  characteristically  developed  in  the 
limestone  country  along  the  eastern  flank  of  the  Kledang  Range  (Kinta) 
and  if  arrangements  could  be  made  for  a  geoelectrical  examination  of 
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the  ground  which  extends  between  Lahat  and  Selibin  (Kinta  district) 
there  would  be  good  prospects  of  success. 

In  some  of  the  tin  .fields  it  is  possible  that  occasions  may 
arise  in  which  data  are  required  regarding  the  depth  and  configura¬ 
tion  of  the  limestone  surface  over  large  areas,  in  which  the  depth 
of  alluvium  is  too  great  to  permit  a  thorough  boring  corapaign  (e.g. 

200  feet  or  more).  Under  such  circumstances  it  is  likely  that  a 
seismic  survey  would  prove  effective. 

In  the  Batu  Arang  coal  field  it  is  probable  that  some  useful 
work  could  be  carried  out  by  the  gravimetric  method.  This  would  be 
limited,  however,  since  the  topography  over  the  great  part  of  the  field 
is  too  rough  to  permit  a  general  application  of  the  system. — W. 

Ayvazoglou. 

(67)  LSS  HOMOLOC-IES  PODOLIENS-XARPATIQUES;  LEUB  APPLICATION  AUX 
•  RECTOCELS  GSOPHIUIQUES  DANS  LA  ZOi^  SUBKARPATiqUE 

(PODCLIA-CAl^PATHIA-N  HOMOLOGIES;  THEIR  APPLICATION  TO  GEOPHYSICAL 
INVESTIGATION  IN  THE  SOUTH  CASPATHm  ZONE)  (IN  POLISH) 

By  W.  Teisseyre 

Compte  Rendu  du  1-er  Congres  de  la  Geologie  du  Petrols  a  Lwow, 

14-15  Dec.  ,  1929,  pp.  37-65. 

After  a  detailed  geological  description  of  the  region  the  author  men¬ 
tions  the  directions  for  geophysical  investigations  based  on  a  series  of  dis¬ 
placements  and  warpings  in  Podolia  which,  he  states,  agree  with  the  details  in 
the  changes  established  by  recent  surveys.  The  positions  of  culminations  and 
depressions  with  regard  to  the  dislocations  in  the  foreland  will  become  valuable 
by  the  fact  that,  after  having  cancelled  the  illusory  culminations,  the  compar¬ 
ison  of  the  intervals  between  the  main  culminations  with  those  between  the  great 
structural  lines  of  the  foreland  can  be  established. — W.  Ayvazoglou. 

(68)  DE  L’APPLICATION^DES  METHODES  GEOPHYSIQUES  AUX  RECHERCHES 
DE  LA  GEOLOGIE  DU  PETROLE  DANSLES  KARPATES  ET  L’AVANT-PAYS 

(ON  THE  APPLICATION  0?  GEOPHYSICAL  METHODS  OF  PROSPECTING  GEOLOGICAL 

STRUCTURE  OF  PETROLEUwI  FIELDS  IN  THE  CARPATHIAN  MOUNTAINS  AND 

THE  FORELAND  (IN  POLISH) 

By  E.  W.  Janczewski 

Compte  Rendu  du  1-er  Congres  de  la  Geologie  du  Petrole  a  Lwow, 

14-15  Dec.,  1929,  pp.  81-97. 

The  author  reviews  the  principal  methods  of  geophysical  prospecting 
(gravimetrical,  magnetic,  radioactive,  geothermic,  seismic,  electrical)  and 
characterizes  the  kinds  of  indications  which  can  be  furnished  by  these  methods 
on  the  nature  of  the  subsoil. 
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He  discusses  the  use  of  the  Sterneck  J)endulum  for  the  study  of  the 
distribution  of  the  gravity  anomalies  in  the  Carpathian  Mountains  and  the 
foreland  and  believes  that  these  investigations  ’rill  contribute  to  the  deter¬ 
mination  of  the  main  lines  of  deep  tectonics  of  these  regions,  as  vrell  a^' 
their  relationshin  to  the  Podolian  plateau. 

In  soealring  of  the  advantages  established  by  the  application  of  the 
method  of  artificial  seismic  oscillations,  he  emphasizes  the  imoortance  of 
combining  it  with  the  gravimetrical  method  in  order  to  obtain  a  more  exact 
representation  of  the  subterranean  structure  of  the  foreland  of  the  Carpathian 
Mountains. 


The  other  methods  are  discussed  with  reservation,  owing  to  the  local 
conditions  of  the  peripheral  depression  filled  un  by  a  series  of  monotonous 
Tertiary  layers  in  which  very  saline  underground  waters  are  circulating. — 
Author's  abstract  translated  by  fvV.  Ayvazoglou. 

(69)  TRAVEAUX  EH  TEHHAIH  EXECUTES  PEIIDANT  L'AHHEE  1929 
(FIELD  WORK  CARRIED  OUT  DURING  THE  YEAR  1929) 

Ey  J.  Morozewicz 

Bulletin  du  Service  Geologique  de  Pologne, 
vol.  5,  No.  3-4,  1930,  p.  LXXIII. 

In  Morozewicz 's  report  on  field  work  carried  out  in  Poland  during 
1929  the  following  geophysical  investigations  made  under  the  direction  of  the 
geophysicist  E.  W.  janezewski  are  mentioned; 

1.  In  Kujawach,  near  Uloclawka.  —  Seismic  and  gravimetrical  methods  were 
anplied.  Gravimetrical  measurements  were  made  at  137  points. 

2.  In  the  Carpathians  (between,  S try j ,  Bolechow,  Rozniatow,  Zawoj,  Ealusz, 
and  Turza  Wielka). — Seismic  method  of  prospecting  was  used. — W.  Ayvazoglou. 

(70)  PROSPECTING  WORK  OF  THE  AZNEFT  (IN  RUSSIAN) 

Editorial  note 

Azerbeidjanskoe  Neftianoe  Khoziaystvo, 
vol.  10,  No.  11,  1930,  pp.  145-146. 

The  results  of  the  geophysical  prospecting  work  carried  out  during 
the  years  1923,  1929,  and  1930  are  briefly  summed  up  as  follows: 

1.  Magnetic  method:  Magnetic  anomalies  in  the  region  of  Nefte-Chala  proved 
to  be  in  a  distinct  relation  to  :.the,  geological  structure  of  the  region.  The 
dependance  of  these  anomalies  -on,  the- presence  of  magnetite-in  the  Tertiary 
sediments  is  discussed.  ,  ■  •  •  ^  '■ 
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.  v'c;-  -V.  ;;  i-. ' 

2.  Gravitational  method:  Tlie  ma:?:!!!!^  gravity  in  the  region  of  Nefte-Chala 
is  due  to  the  presence  of  the  lines limiting  very  dense  and. less  . dense  rocks, 
as  viell  as  owing  to  the  presence  of  faults, 

.  .  .....  ..  •  .  . 

.  ..  K.  •  M  *  ......  «  .  -• 

prospecting  work  on  a  large  scale  is  to  he, .carried  out  during  1931 
mftinly  heyond  the  Baku  region. 

Electrical  prospecting  is  to  he  tried  out  widely,  owing  to  the  fact 
that  the  results  obtained  hy-; the  gravimetrical  and  magnetic  raetho.ds,  applied 
during  the  past  four  years,  have  not  been  satisfactorv. — W.  Ayvazoglou. 

(71)  NOIS  ON  A  C0^^?ARIS0N  OP  SQNSPOT  FGI;!!BERS,  lEERESTRIAL 
MGNETIC  ACTIVITY,  AIF)  L0NG>-WAVE  RADIO  SIGI^IAL  STRENGTH 

..  w.:  .By  L.  ,W^  Austin  :  ^ 


•Journal-  of  the  T/aahington  Academy  of  Sciences,-  .  - 
j  ■  ■  vol.;  20*  -No*  5,  1930,  ,pp.  ,73-74.  • 


A  figure  shows . a  comparison  of  the  monthly  averages .of  sunspot ^numbers, 
terres trial  .^magnetic  actiyity-(horizontaI,  range)  measured,  at  Cheltenham,  Md. , 


and. the  daytime  ratpo  field  strength  of  si gnaLs -received  in  Washington  from 
transmitting  .stations  at, -Barde.aux,  ..prance.  (ip'n^)...(f  =  19.5  kc.,  /i::=-lB,900  m. ) ,  . 
and  at- Nauen,  |.,Germany.-,(-,DPW);  (f  23.,4  kck ,  A-.;,..-,  12,800  m.,) .  .r  ,  •  •;  ■ 


■The  .  resemblance  of ;  the  ,  sunspot  curve. ,tp  the  .other  three  is  not  clear, 
but -the .. -similarity,  in., the  changes,, -In  magnetic, 'activity  to  those  in  dayli^t 
signal  strength-s'eems  ■  to -be  .unm.iBtalcable,.'.  The  resemblance  of  the  Bordeaux 
signal  curve  to, .that  o_^f  the  (magnetic  activity  seems  closer  even  than  the  re--; 
sprablance  between  the,. .two  signal  curves.  The  _.d®®P.' both  the  magnetic 
and  signal  values,  in  November  ■: (more  rarely  in  December)  is  especially  striking.' 
This  early  .winter,  drop  in  signals  .has  o.ften  been  noticed,  and  in  the  case -of. 
transmission  between  Eur.ope  and,  America,  has  been  SQ.metimes  .ascribed  to-  the 
proximity  of  the  signal  -paths' •  to  the  area  of  Arctic,  darkness.  It  now  appears 
that  this  and  ,p,the,r.  seasonal  yaria.tions  hoth  in  magnetic  activity  and  east-west 
long-wave  signal  s.trength  may  be  due  t.o  coranyin  .cases.— Author ’s  note. 

(  72)  ON  IsbSTASY  AlTD  REIATSD  TT.OPICS 


■:  •:.•.••  •••  GEOLOGICAL  SOCIETY  IN  WASHINGTON 

r  '.  ?  ■  • 

•  ■» 

Journal  of  the  Washington  Academy  of  Sciences, 
vol.  20,  No.  lBi  1930,:- pp.  Ml-458, 


Abstracts  pf  the  following  five  articles  given  before  the  Geological 
Society  in' Washington  during  the.  spring  of  1930  are  published: 

,  .-1,  Some  problems  of  mountain  structure  and- mountain  history,  by  R. 
Longwell  (pp.  441-446.-)  -  .  ;■ 

2.  Isostasy:  What  gravity  measurements  reveal,  by  G.  R.  Putnam 
(pp.  446-447.  ) 
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3.  some  protlems  in  isostasy,  "by  fei  W.  Goranson  (pp*  447-450). 

4.  Geotherms,  by  A.  C«  Lane,  (pp.  450-454). 

5.  Isostasy  from  the  ‘-geological  point  of  view,  by  R.  T.  Chamberlin 

(pp.  454-458). — W.  Ayvazoglou. 

8.  GEOLOGY 

M  ■  ■  .1  — 

(73)  PETRQLEUM  POTENTIALITIES  OF  GULF  COAST  PETROLEUM 
■  '"'PROVINCE  OF  TEXAS  AND  LOUISIANA 

By  Donald  C.  Barton 

Bulletin  of  the  American  Association  of  Petroleum  Geologists, 
vol.  14,  No.  11.  1930,  pp.  1379-1400. 

A  new  vista  of  the  petroleum  potentialities  of  the  Gulf  Coast  petrol¬ 
eum  province  of  Texas  and  Louisiana  has  been  ooened  by  the  developments  of  the 
past  few  years.  The  coastal  salt-dome  area  has  been  extended  eastward  to,  and 
across,  the  Mississippi  River.  The  area  of  good  production  has  been  extended 
southwestward  to  Refugio  and  mav  be  expected  to  extend  to  the  Rio  Grande;  it 
has  been  extended  southward  to  Clay  Creek,  which  lies  in  a  hitherto  practically 
nonproductive  zone,  and  seems  probably  to  have  been  extended  eastward  to  Terre¬ 
bonne  Parish,  La.  The  maximum  depth  of  production  has  been  extended  to  7,444 
feet,  and  the  stratigraphic  zone  of  good  production  has  been  extended  down  into 
the  middle  of  the  Claiborne.  Deep  and  very  deep  salt  domes  have  great  poten¬ 
tialities,  are  being  discovered  in  great  numbers,  but  have  certain  drawbacks. 
The  very  deep  salt  ridges  are  unknown  fiuantities.  An  enormously  thick  poten¬ 
tially  productive  stratigraphic  section  is  present  and  offers  great  possibili¬ 
ties  for  production  on  such  deep  structiores.  A  distinct  tendency  is  shown  for 
an  increase  of  the  Baum^  gravity  and  gasoline  content  of  the  oil  with  increas¬ 
ing  depth  and  in  part  with  increasing  stratigraphic  depth.  That  change  fore¬ 
shadows  a  progressive  change  in  the  mean  character  of  the  oil  of  the  future 
and  gives  the  only  suggestion,  as  yet,  of  a  possible  downward  limit  to  produc¬ 
tion.  The  general  magnitude  of  the  recoverable  reserves  of  oil  in  the  Gulf 
Coast  area  of  Texas  and  Louisiana  at  a  shrewd  guess  is:  surely  at  least, 
3,500,000,000  barrels,  probably  at  least  5,500,000,000  barrels  and  possibly  at 
least  10,000,000,000  barrels. — Author's  abstract. 

(74)  A  STATISTICAL  EXAMINATION  OP  THE  SENSITIVITY  OF  A  WATER 
TABLE  TO  RAINFALL  AND  IRRIGATION 

By  B.  H.  Wilsdon  and  R.  Partha  Sara thy 

Memoirs  of  the  Punjab  Irrigation  Research  Laboratory,  Lahore, 

vol.  1,  No.  1,  1927,  pp.  1-51. 

The  records  collected  in  this  article  on  a  series  of  well  observations 
in  irrigated  tracts  of  the  Punjab  from  1895  to  1926  constitute  very  valuable 
data  on  the  sensitivity  of  a  water  table  to  rainfall  and  irrigation..  In  the 
summary  of  the  first  part  of  the  article  the  authors  say; 
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1.  The  analysis  of  vrell  records  and  irrigation  and  rainfall 
statistics  enables  significant  regressions  to  he  established  between 
the  distribution  of  rainfall  and  irrigation  throioghout  the  year,  and 
the  annual  fluctuations  of  the  well  levels. 

2.  The  regression  curve  shows  a  constant  characteristic  in  the 
occurrence  of  a  maxirnura  affect  of  irrigation  and  rainfall  during  the 
monsoon.  A  second  maximun  during  the  winter  months  is  more  variable 
in  incidence  as  is  also  the  occurrence  of  negative  values  of  the  re¬ 
gression. 

3.  For  variations  of  the  monthly  irrigation  and  rainfall  within 
'  the  range  of  the  standard  deviations  it  s  fouiid  that  on  the  average 

approximately  one-third  of  the  water  added  to  the  surface  of  the  soil 
■ '  during  the  year  percolates  to  the  water  table. 

4.  The  application  of 'the  regression  curves  in  predicting  the 
effect  of  restriction  if  irrigation  is  indicated. 

5.  A  rough  calculation  shows  that  not  more  than  one-third  of  the 

annual  rise  of  the  water  table  may  be  attributed  to  leakage  from  main 
canals  and  branches.  ,  .  ,  .  ■  .  ■  ,  .  •  •  ' 

6.  The  slow  changes  in  the  well  levels,  when  compared  with  the 
computed  addition  to  the.  water  table  from  irrigation  rainfall  and 
leakage  from  canals  indrcats  that  a  well  drained  »doab"  (land  bounded 
by  two  rivers),  is  capable  of  maintained  equil ibrinra.  The  steady  rise 
in  other  canal's  is  largely  attributable  to  the  absence  of  drainage, 

Esther  than  to  excessive  percolation  load. 

In  the  second  part  of  the  article  the  authors  give  some  calculations, 
the  purpose  of  which  is  to  obtain  a  mathematical  curve  showing  the  average 
effect  of  rainfall  and  irrigation  in  each  month  of. the  year  on  the  well  levels. 

The  necessary  data  for  the  calculation  of  the  regression  constants 
for  each  distributary  are  given  in  the  following  four  tables: 

Table  I,  Yearly  values  of  the  June -or  October  series  of; 

(a)  The  observed  depth  of  water. 

(b)  The  polynomial  value  of  this  depth. 

(c)  Ihe  divergence  of  the  observed  from  the  polynomial  value 

of  D. 

Table  II.  Give  the  constants  of  the  polynomial  fitted  to  W  for  the  years 
shown. 

Table  III.  S^une  of  squares  and  products. 

Table  IV.  Matrix  of  co-factors. — V/.  Ayvazoglou. 


9057 


-  53 


I.c.  6452 


(75)  STATISTICAL  STUDIES  OF  THE  HISTORIES  OE  WATER-TABLES 
AS  AFFECTED  BY  IRRIGATION  AND  RAINFALL 

By  B.  H.  Wilsdon  and  R.  Partha  Sarathy 

Memoirs  of  the  Punjah  Irrigation  Research  Laboratory,  Lahore, 
vol.  1,  No.  2,  1928,  pp.  1-24. 

In  the  first  part  of  the  article  the  authors  describe  the  results  of 
an  analysis  of ,  the  relation  •’between  annual  fluctuations  of  the  water-table  and 
the  apulied  irrigation  and  rain  water  for.', a  series  of  regions.  Tlie. method 
adopted  was:  ‘  . 

1.  To  wei^t  the  data  of  rain- gage  stations  and  observations  wells ;  so 
that  their  records  may  *  be.  as  truly  representative  ,as  possible  of  the  whole  area. 

2., To  combine  the  .weighted  rainfall  withjthe  recorded  irrigat  ion-run -such 
away  that  the  total  water  applied,  assumed  uniformly,  distributed  over-.-the  area 
W,  may  be  represented  as  six  independent  variables  of  a  fitted  polynomial  of 
the  fifth  order.  '•.■ 

3.  To  eliminate  secular  changes  from  the  weighted  record  of  well  fluctua¬ 
tions  by' fitting  the  best  exponential  curve.;-  ..  ^  . 

4.  To  correlate  the  change  in  average  well  level corrected  for  slow  change, 
with  the  constants  of  the  polynomial  fitted  to  the  W  distribution. 

The  regression  curves  so  obtained  indicate  a  considerable  variation 
throu^out  the  year  in.  the  prouortion  of  water  which' reaches  the  water-table 
from  each  apolication.  Common  features  are  a  high  proportion  ■  (one- third  or 
more)  during  the  monsoon  when  the  humidity  .-and  intensity  is  high,  and  a  more 
variable  effect  during  the  v/inter  and  early  spring.-  The  results  in.;general 
confirm  those  obtained  in  a  preliminary  investigation  by  a  similar  method  in  a 
.previous  memoir  but  are.'statistically  more  reliable. 

•.-'The  numerical  data  are  discussed.;and,  illustrated-by  diagrams..  ■ 

In  the  second,.part -of  the 'article  a"  detailed  mathematical  discussion 
of  points  arising;  in  the  analysis- is  given i  ■  •  ;  .  ;  •  • 

The  necessary  data  for  the  calculation  .of  the-fregression  coefficient 
are  given  in  the  following  four  tables: 

Table  I  gives  the  yearly  values  of<ro/..( annual  rate  of  rise  of  water-table) 
actual  as  well  as  those  calculated  from  the  regression  formula  with  the  ex¬ 
ponential  slow  changes. 

•  .  .  .  ^  '  ....  /  ' 

-■'*  ■  ‘  .  ■*  "‘0/)  ■-/  ■ 

Table  II  gives  the  constants  of  the  polynomial  fitted  to''W  for  the  year 
shown. 

Table  III.  Sums  of  squares  and  products  of  the  above-mentioned  constants. 

Table  IV.  Matrix  of  co-factors  of  the  determinants  in  Table  III. — W. 
Ayvazoglou.  .  .......  .  . 

9057  -  54  - 


I.C.  6452 


■  >  ;  - 


(76)  A  S.TATISTI:CA\'sXA:^TO6k ''PF,;^E  THE’ INIUS; 

AT  SUKKUR  AND  ITS  RELATIOirWITH  UPSTHEAI^  SITES''  •••■■■  ■" 

’  *  •  '  •'  . 

By  B-  H.  Wilsdon  and  R.  'partha  Sarathy 

Memoirs  of  the,  PuryaBclrrigation.  Research  ■Laboratory,  Lahore;  ‘ 
vol.  1,  No.  P,  1929,  pp;  1-40.  •- 

i' •"•-0 -  ;  . ■■■  ,  V  .  ....  .  ,  .  . 

The  work  described  in  this  article  v;^as  taken  up  at  the  request  of  the 
Indus  Discharge  Coarfiit tee- inv  Sepipmber, .  1928. ,  The  ultimate  aim  of  the  investi¬ 
gation  has  been  defined  as. \tlie/;  determination  'of  the 'history  of  the  water  of 
the  Indus  and  its  tributaries  during  its  ‘oassage  through  the  Punjab  and  Sind 
to  SiRckur."  !nie  des ide rata;  of, :any  acceptable  formula  were  defined  by  this 
committee  as  folljows/;.r  'r:  ,  '..h’ h.  '  '  ■'•.■■'•'■'r'  • 


■(a)  It  must  satisfy . data  ayall^ble,.. 

(b)  mare  completely  than  any  other  formula,  and  .  ’ •  ••  . 

c)  must. 'be  ■capable.-of  forecasting.  '  ■'  '  '  ' 

■  •  ‘  ' ''  •  '  •  ■■■ 

The -Sites ;at  which  .discharge^observations  on  the  Indus' and  its  tribu¬ 
taries  were  made  are  shown  .in  .a. map., 

'  '■  Ih‘ conclusion  the-,. authors  emphasize  the  main  ' deductions  made  from  the 
statistical  results,  and  distinguish  lines  along  which'  further  -investigation' 
appears  profitable.  .  o 


"  ••  f  -.  •  . 


,They  :3ay;.  v 


• ;  li  -Hegeneratipn  appears.' to  be  qui.t'e  definitely  a  rehl  phenomenon  . 
determined:- by.- the- time  elapsed  pincei high  flpods' and' to' some  extent  by 
rainfall  and  associated  humidity.  '  '  ' 


2.- -A  fo.rmula  .has- .boen., developed  which  appears  to  be  capable  of 
■■  predicting,  differenceSr. in  .discharge  between  •upstream  sites  and  Snkkur 
from  a  knowledge  of  the  ups'tream  d.is charges' and  the  rainfall.  Tills 
is  of  course  not  a  prediction  formula'  in  the-  true  sense.  ~  It  a.f fords 
"hone  o-f  •  a.  true- pre.dictiQn  fo.rmpla  being  discoverable  if  reliable  rela- 
'•  .tlons  'between -rainfall  in  the,  catchments  and  discharge's  can  be  Sub¬ 
stantiated.  '  ■ 


3.  It  is  no.t  .at  .present  possible  to  predict  what  effect  a  consider¬ 
able  dist-urbance  in  regime  by  a  withdrawal  will  have  at  a  downstream 
site  although  the  absence  of  secular  trend  in  recorded  discharges  pro¬ 
portionate  to  the  very  large  increase  in  withdrawals  vhich  has  taken 
place  in  the  Punjab  points  to  the  ultimiate  establishi'aent  of  regenera¬ 
tive  conditions. 

4.  The  probabilities  of  shortage  in  sunply  at  S'ukkur  during  the 
cold  weather  have  been  worked  out  on  the  assumption  that  the  fxill  Sind 
indent  must  be  maintained.  The  withdrawals  do  not  so  greatly  increase 
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the  changes  of  shortage  as  to  put  the  possibility  of  accommodation 
of  the  small  Punjab  demands  by  Sind  completely  out  of  court. 

Full  tabular  matter  has  been  collected  in  the  appendix. — W.  Ayvazoglou. 

(77)  A  HYERODYNAMICAL  INVESTIGATION  OF  THE  FLOW  OF  LIQUID  IN  A 
SATURATED  POROUS  MEDIUM  SUCH  AS  A  SOIL 

By  N.  K.  Bose  and  B.  H.  Wilsdon 

Memoirs  of  the  Punjab  Irrigation  Research  Laboratory,  Lahore, 
vol.  2,  No.  1,  1929,  pp.  1-17. 

In  the  introduction  to  the  article  Wilsdon  points  out  the  difficulties, 
both  theoretical  and  experimental,  in  studying  the  flow  of  liquids  in  porous 
media.  The  laws  aoplie'd  in  hydrodynamics  may  be  expected  to  aid  in  understand¬ 
ing  and  controlling  the  movements  of  a  water-table,  this  subject  being  of  great 
importance  to  the  Punjab.  Since  the  introduction  of  irrigation  the  water-table 
has  risen  over  large  tracts  at  an  alarming  rate.  In  some  areas  waterlogging 
on  an  extensive  scale  has  resulted;  in  others,  land  once  fertile  has  become 
saline  and  loncul turable  due  to  the  nearness  of  the  water-table  to  the  surface. 

The  further  spread  of  both  these  evils,  results  of  the  same  cause,  calls  for 
immediate  and  energetic  remedial  and  preventive  measures,  neither  of  which  can 
be  confidently  designed  without  considerable  advances  in  theoretical  knowledge. 
Moreover,  without  such  knowledge  it  will  be  impossible  to  devise  proper  experi¬ 
mental  methods.  A  brief  review  of  applicable  methods  is  therefore  given  in 
this  article. 

The  second  part  of  the  article  deals  with  applications  of  the  mathe¬ 
matical  treatment  developed  to  ascertain  simplified  problems  of  practical  import¬ 
ance.  The  mathematical  work  in  this  part  is  due  to  Bose,  It  has  been  constant¬ 
ly  kept  in  view  to  obtain  solutions  in  such  a  form  that  it  will  be  possible  to 
compare  model  experiments  on  viscous  liquids  with  observations  on  the  water- 
table. 

/ 

Fundamental  hydro dynamical  equations  applicable  to  the  problems  are 
deduced  and  the  relation  between  the  transmission  constant  of  a  soil  and  the 
viscosity  of  the  model  fluid  is  demonstrated. 

Cases  of  percolation  from  a  line  course  such  as  a  canal,  with  and 
without  distributed  surface  sources  equivalent  to  the  rainfall  and  irrigation 
load  are  discussed. 

Unsteady  motions  corresponding  with  these  cases  are  discussed. — W. 
Ayvazoglou. 
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IKTRQDUCTIOIT 

Thalli'um  is  one  of  the  rare  metals  that  has  ccme  into  commercial 
use  within  recent  years.  Its  comparative  scarcity,  combined  with  a  resemblance 
to  the  common  metal  lead,  have  retarded  the  development  of  uses  for  thallium. 
Although  production  is  still  measvired  in  pounds  rather  than  in  tons,  it  is  now 
finding  application  in  a  number  of  fields.  Perhaps  the  earliest  commercial 
use  of  thallium  was  as  a  corstitxxent  of  optical  glass  of  higher  refractive 
power  than  similar  glasses  containing  lead.  One  of  the  later  applications  to 
attract  attention  was  the  use  of  the  oxj’-sulphide  in  a  sensitive  electrical 
device  similar  to  the  selenium  cell.  The  ’’Thalofide"  cell,  which  was  patented 
in  1919,  constituted  for  a  time  the  most  important  outlet  for  thallium.  During 
the  next  few  years  the  limited  use  of  thallium  and  its  salts  in  other  fields 
was  ins'uff icient  to  absorb  an  annual  production  of  a  few  hundred  pounds,  and 
the  price  dropped  from  $16  or  $18  per  pound  in  1922  to  $5  per  pound  in  1924. 
Beginning  in  1925  several  new  uses  were  developed,  especially  as  a  poison  for 
rodents  and  ants,  and  as  a  result  the  demand  for  thallium  increased  suffi¬ 
ciently  to  cause  a  recovery  in  price  to  the  present  level  of  from  $12  to  $15 
per  pound. 


1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  article,  provided  the 

following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6453." 

2  -  Rare  metals  and  nonmetals  division,  U.  S.  Bureau  of  Mines. 
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There  are  no  corrmercial  ores  of  thallium,  although  it  is  present  in 
small  quantities  in  a  great  many  minerals.  The  supply  was  formerly  obtained 
solely  from  flue  dusts  that  accumulate  in  sulphuric  acid  plants  where  pyrite 
is  used.  The  thallium  content  of  these  flue  dusts  is  small,  —  usually  about 
half  of  1  per  cent,  —  and  the  thallium  is  produced  only  as  a  by-product. 
According  to  information  contained  in  a  letter  from  L.  G.  Matthews,  of  the 
American  Smelting  and  Refining  Co.,  to  the  Bureau  of  Mines,  at  present  most  of 
the  domestic  supply  is  a  by-product  of  the  purification  of  cadmium  , itself 
a  by-product  of  the  smelting  of  other  m.etals. 

DESCRIPTION  AND  PROPERTIES 

The  physical  and  chemical  properties  of  thallium  are  very  similar 
to  those  of  lead.  The  metal  is  white  with  a  bluish-gray  tinge,  somewhat  paler 
than  lead.  It  has  a  bright  metallic  luster  when  freshly  cut  but  dulls  quickly 
when  exposed  to  air.  Thallium  is  softer  than  lead;  it  can  be  scratched  by  the  i 
finger  nail  and  is  easily  cut  with  a  icnife.  It  is  malleable  but  has  little 
tenacity ,  and  can  be  squeezed  (extruded)  but  not  drawn,  into  wire.  A  number 
of  determinations  have  been  made  for  the  melting  point  of  thallium,  ranging 
from  204.05  to  303. y^C.,  but  303.5^0.  has  been  accepted  by  the  International 
Critical  Tables.  According  to  A.  Lamy  the  specific  gravity  of  thallium  is 
11.862,  although  slight  variations  from  this  figure  have  been  given  by  other 
investigators.  The  metal  has  a  crystalline  structure  and  when  bent  gives  forth 
a  sound  like  the  ’’cry  of  tin."  Thallium  amalgamates  with  mercury  and  forms 
alloys  with  many  other  metals.  It  is  slowly  soluble  in  alcohol,  insoluble  in 
liquid  ammonia,  and  combines  directly  with  sulphur,  phosphorus,  and  the 
halogens. 


HISTORY 

The  discovery  of  thallium  dates  back  to  the  early  part  of  1861,  when 
W,  Crookes  noted  a  bright  line  in  the  spectrum  of  the  selenium  residues  from  a 
sulphuric  acid  factory  in  the  Harz  Mountains.  He  was  looking  for  telliirium, 
but  spectroscopic  examination  revealed  the  presence  of  an  unknown  element,  to 
which  he  gave  the  name  "thallium,"  -  "from  the  Latin  thallus,  a  budding  twig  - 
a  word  which  is  freouently  employed  to  express  the  beautiful  green  tint  of 
young  vegetation;  and  which  I  have  chosen  because  the  green  line  which  it  com¬ 
municates  to  the  spectrum  recalls  with  peculiar  vividness  the  fresh  color  of 
vegetation  in  spring."  He  announced  the  discovery  on  March  30,  1861,  in  a 
paper  "On  the  Existence  of  a  New  Element,  Probably  of  the  Sulphur  Group." 

Crookes  was  at  first  hampered  by  a  lack  of  material,  but  in  the  course  of  a 
year  he  was  d)le  to  collect  a  few  grains  of  the  metal  in  powder  form. 

In  May  1862  A.  Lamy  observed  the  green  spectral  line  from  the  chamber 
deposit  of  a  sulphuric  acid  plant  where  Belgian  pyrites  were  roasted.  Lamy 
obtained  several  hundred  grams  of  the  metal  and  was  able  to  make  considerable 
progress  in  determining  the  chemical  and  physical  properties  of  the  new  element. 
Subsequently  H.  L.  Y/ells,  S,  L.  Penfield,  and  other  investigators  studied  the 
metal  and  its  properties.  'Thallium  continued  as  an  object  of  scientific  inter¬ 
est,  but  only  within  the  last  decade  have  its  commercial  possibilities  been 
recognized. 
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Eoior  very  rare  minerals  contain  appreciable  percentages  of  thallium. 
Crookesite,  a  thallium-copper-silver-selenide,  (Cufliig)2Se,  which  contains  from 
16  to  19  per  cent  of  thallium,  is'  found  in  Skriicerum,  Sweden.  Lorandite,  a 
siilphide  of  thallium  and  arsenic,  TlAsSg,  contains  from  59  to  60  per  cent  of 
thallium  and  is  found  in  Macedonia.  Hutchinsonite,  a  sulphoarsenide  of  thallium, 
lead,  silver,  and  copper  approximating  ('fl,Ag,Cu)2S.PbS.2As2S3,  has  a  thallium 
content  of  from  18  to  25  per  cent.  This  mineral  occurs  in  white  dolomite  of  the 
Lengenbach  Quarry  in  the  Binnental,  Switzerland.  Vrbaite,  found  in  Macedonia, 
is  a  sulphide  of  thallium,  arsenic,  and  antimony  (TlAS2Sbg)  which  contains  29 
to  32  per  cent  of  thalliiim. 

Thallium  is  also  present  in  small  quantities  in  a  great  variety  of 
rocks  and  minerals,  such  as  pyrites,  zinc  blende,  hematite,  lepidolite,  musco¬ 
vite,  orthoclase,  pitchblende,  berzelinite,  frenzelite,  pyrolusite,  manganite, 
carnallite,  etc.  Owing  to  its  occiirrence  in  some  of  the  comimon  minerals, 
thallium  is  found  in  commercial  products  such  as  zinc,  cadmium,  platinvim,  bis¬ 
muth,  tellurium,  and  sulphuric  acid.  Copper  pyrites  and  iron  psnrites  frequently 
contain  thallium,  and  the  flue  dusts  from  sulphuric  acid  plants  where  thalli- 
ferous  pyrites  are  burned  have  constituted  one  of  the  principal  sources  of 
supply.  The  thallium  content  of  such  flue  dusts  is  usually  less  than  half  of  1 
per  cent,  but  in  some  instances  a  content  as  high  as  7  per  cent  has  been  noted. 

USES 

Alloys  of  lead  and  thallium  are  somewhat  unusual  in  that  they  have 
higher  melting  points  than  either  of  the  component  metal  s;  they  are  used  in 
rather  small  quantities  in  special  types  of  electrical  fuses.  An  alloy  contain¬ 
ing  10  per  cent  thallium,  20  per  cent  tin,  and  70  per  cent  lead  is  resistant 
to  the  corrosive  action  of  mixtures  of  sulphuric,  nitric,  and  hydrochloric  acids. 
This  alloy  has  been  recommended  for  use  as  an  anode  for  the  electrolytic  dapo- 
.sition  of  copper,  since  its  corrosion  is  less  than  one-fifth  that  of  lead  alone. ^ 

In  a  discussion  of  the  possibility  of  using  lead-base  bearing  metal 
in  place  of  tin-base,  0.  W,  Ellis^  reports  that  the  results  of  experiments  indi¬ 
cate  that  the  addition  of  thallium  to  lead-base  alloys  markedly  improves  their 
resistance  to  deformation;  and  that  yield  point  and  ultimate  strength  tests  show 
that  an  alloy  containing  lead  72,  antimony  15,  tin  5,  and  thallium  8,  is  super¬ 
ior  to  the  best  tin-base  bearing  alloy. 

Silver  alloys  containing  as  much  as  22  per  cent  thallium  have  been 
patented  by  I,  G.  Earbenind  A.-G.^ 


3  -  Hopkins,  B.  Smith,  Chemistry  of  the  Rarer  Elements:  D.  C.  Heath  &  Co.,  New 

York,  N.  y. ,  1923,  pp.  125-126. 

4  -  Ellis,  0,  W.  Increasing  the  strength  of  lead-base  bearing  metals.  Am. 

Metal  Market,  vol.  35,  1928,  pp.  1-4,  44. 

5-1.  G.  Earbenind,  A.-G. ,  Silver  alloys  resistant  to  chemical  action. 

Brit.  Pat.  297,665,  June  30,  1927. 
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been  found  for  thallium  compounds.  By  far  the  most 
mpor  ^t  commercial  outlet  for  the  element  is  the  utilization  of  thallium 
s  pa  e  as  a  poison  for  rodents  and  as  an  insecticicM  for  ants.  The  sulphate 
adv^tage  of  .being  tasteless  and  odorless.  Srnest  G,  Enck^  has  de- 
^  several  formulas  that  are  said  to  be  effective  as  poison  bait  for  field 
^3  pounds  of  thallium  sulphate  ai-e  dissolved  In  6  quarts  of 
0  ing  water,  and  g  pound,  of  starch,  which  has  been  mixed  in  a  little  cold 
wa  er,  s  added.  The  mixture  is  boiled  two  or  three  minutes,  then  ^  pint  of 
g  is  added,  and  the  boiling  is  continued  for  a  few  minutes  longer.  In 

ano  er^method  Bg  per  cent  of  thallium  sulphate  is  added  to  a  tapioca  flour,  and 
m  e  in  0  a  paste,  which  is  spread  on  sliced  bread,  A  third  recipe  calls  for 
^  thallium  sulphate,  which  is  dissolved  in  a  large  teacup  of  water 

an  ro^ht  to  a  boil.  To  this  is  added  g  cup  of  corn  syrup  and  12  ounces  of 
pe^ut  butter,  which  may  be  spread  on  two  ordinary  sized  loaves  of  bread  sliced 
qpite  thin.  The  slices  are- then  cut  in  small  squares.  ^It  is  said  that  notice¬ 
able  results  should  be  seen  at  about  the  third  day  after  placing. 

t 

A  syrup  prepared  by  boillr.g  together  1  pint  of  water;  1  pound  of 
sugar,  27  grains  of  thallium  sulphate,  and  3  ounces  of  honey,  is  said  to  be 
effective  in  exterminating  a  species  of  red  ants  which  arsenic  syrups  failed  to 
control.  The  thallium  appears  to  act  as  a  slow  cum''^ative  poison,  In  a’ nunber 
of  houses  and  apartments  the  entire  colony  was  destroyed  within  three  weeks  to’ 
a  month.  The  pavement  ant  is  even  more  ,reed.lly  controlled.’^  ■ 

Because  of  their  high  refractir.g  power,  thallium  compounds  arc  used 
in  the  manufacture  of  certain  kinds  of  optical  glass  in  which  a  high  refractive 
index  is  required. 

The  oxy sulphide  of  thallium  is  used  in  the  ’’Thalofide''  ceil,  which  is- 
more  sensitive  to  light,  especially  that  of  low  intensity  and  long  wave  lengths, 
than  the  selenium  cell.  Its  electric  resistance  drops  50  per  cent  on  exposure 
to  a  quarter-foot  candle.  Severs,!  patents  for  the  "Thalofide”  cell  were  issued 
to  Theodore  W.  Case  in  1919  and  1920.  Mr.  Case  has  also  patented  a  compound 
of  thallium  and  bromine  (U,  S.  Patent, 1,342, B42,  June  8,  1920)  which  is  used 
as  an  electric  resistance  material  in  the  Bellphotophone  or  similar  apparattis; 

r 

The  use  of  thallium  and  its" compounds  to  prevent  Jcnocking  in  internal 
combustion  engines  has  been  patented.^  According  to’ the  phtent  specifications, 
thallium  or  thallium  oxide  may  be  vaporized  outside  the  cylinder  by  an  electric 
arc  or  a  thallium  compound  may  be  mixed  with  the  fuel' or  otherwise  injected 
into  the  engine.  The  compounds  which  may  be  used  include  thallium  ethyl, 
benzylate,  phenjrl  ethyl  ate,  oleate,  amyl  alcohol  ate,  and  acetoacetate. 

6  -  Enck,  Ernest  G. ,  ThalliTom  and  its  Uses:  Foote-Prints,  vol.  2,  No.  1, 

1929,  pp.  15-17.  '  • 

7  -  Popenoe,  C.  H, ,  Thallium  as  an  Insecticide:  Science,  vol,  64,  1926, 

p.  525.  .  .  -  ^ 

8  -  Asiatic  Petrol  exim  Co.,  Ltd.,  and  Egerton,'  A.  C. ,  Use  of  thallixom  and  its 

compounds  to  prevent  knocking  In  internal  combustion  engines.  ‘Brit.  Pat. 

279,560,  July  29,  1926.  ^  .  ”  '  '  - 

^  4  -  ^  ^  ^ 
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A  liquid  amelfam  containing  8.5  per  cent  of  thollim  has 

in  thermometers  fcr  recording  temperatures  as  low  as  -60^. 

'  •».  • 

Thallous  chloride  has  found  use  as  a  "getter*'  in  tungsten  lafej^-.. 
•prolong  the  life  of  the  filament.  It  is  one  of  the  fe^  lower  chloride^ 
is  more  stable  than  the  compo'und  of  the  higher  state  of  o3:idation.  " 

*  X  } 

In  a  study  of  heavy  liquids  for  mineral ogicdl,  analyses^  the 
of  Mines  found  that  the  most  suitable  liquid,  for  sinif'ieaid'-float  work  oA  ralpei--, 
als  of  high  specific  gravity  was  a  water  solution  of  double  thallous 
format e-malonate.  This  double  salt,  with  a  specific  ^*avity  of  .4.9,  melts  at  ' 
60°  C.  and  is  miscible  in  all  proportions  with  wate^.  room  temperature 
the  salt  is  soluble  enough  to  give  a’  solution  with  a  specific  gravity  of  ne^ly 
4,5.  As  a  liquid  of  Intermediate  gravity,  an  aqiaeoue'  BOlution  of  thallous 
formate  is  racOmmOMedr  It  is  less  expensive  than  the  formate-malonate.  ^  A 
maximum  specific  gravity  of  3.5  is  reached  at  room  temperatures,  and  gravities 
■up  to  4.95,  the  gravity  of  the  molten  salt,  may  be  ^btained. 

•  ■  jj  ^ 

Ihalli-uffi  acetate  has  been  used  for  the  treatment  of  certain  kinds  of 
tuberculosis  and  ringworm.  At  one  time  it  was  used”’  as  a  depilatory, 

PRODUCTION 

At  p^resent  thallium  is  produced  in  the  United  States  by  only  one 
company, 'the  .American  Smelting  &  Refining  Co.,  which  recovers  the  metal  as  a 
by-product  in'  its  cadmium  operations. 

MARZETS  AND  PRICES 

The  demand  for  thallium  and  its'  salts  is  not  large.  The  only  compoimd 
of  thalli'um  that  has  attained  any  marked  commercial  de^'clopment  is  the  sulphate, 
and  it  is  understood  that  this  demand  is  being  taken  care  of  largel.y  by  impor- 
tatlone  from  Germany,  No  figures  covering  imports  are  available. 

t  " 

Eurly  in  1831  thallium  metal  was  quoted  at  from  $12.50  to  $15  per 
pound,  and  the  sulphate  was  selling  at  prices  ranging  from  $10  to ‘$15  per 
pound, 

I 
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A  REVISION  OF  THE  FREE  ENERGY  OF  FORMATION  OF  SULPHUR  DIOXIDE^ 

By  E.  D.  Eastman^ 

The  recent  determination  by  Eckman  and  Rossini®  of  the  heat  of  formation  of  sulphur 
dioxide  appears  to  be  of  much  greater  accuracy  than  any  previous  measurement.  The  value  ob¬ 
tained  by  them,  70,940  cal.,  is  in  good  agreement  with  that  of  Thomsen  (71,080),  but  differs 
by  about  1,700  calories  from  Berthelot's  result  (69,260),  and  by  1,940  calories  from  the 
provisional  figure  (69,000)  adopted  by  Lewis  and  Randall^  in  their  studies  of  the  free 
energies  of  the  sulphur  compounds.  This  large  discrepancy  suggested  the  desirability  of  a 
recalculation  of  the  free  energy  of  sulphur  dioxide.  In  addition  it  is  now  possiblt  to  fix 
the  specific  heat  of  S2  gas  with  greater  certainty  than  at  the  time  of  the  original  calcula¬ 
tions.  These  two  changes  are  incorporated  in  the  recalculations  described  below,  and 
directly  affect  the  values  of  AHo  and  the  AP  terms  in  the  free  energy  equation.  In  the  de¬ 
termination  of  the  integration  constant  of  the  latter  equation,  the  free  energies  and 
specific  heats  of  water  vapor  and  the  oxides  of  carbon  are  required  as  auxiliary  data.  In 
this  work  these  are  based,  with  certain  exceptions,  upon  the  equations  previously  deduced,  ’, ® 
which  differ  appreciably  from  the  corresponding  equations  of  Lewis  and  Randall. 

The  principal  equilibria  employed  below,  and  the  plan  of  calculation,  remain  the 
same  as  in  the  calculations  of  Lewis  and  Randall.  Before  beginning  this  revision  a  search 
of  the  literature  was  made,  extending  to  August,  1930,  for  studies  of  additional  equilibria. 
Only  one  reaction  was  found  that  gives  premise  of  increased  accuracy.  This  is  the  equilib¬ 
rium  of  sulphur  dioxide  with  copper,  cuprous  oxide,  and  ouprous  sulphide.  In  this  case, 
however,  certain  of  the  subsidiary  data  are  lacking,  and  until  they  become  available,  the 
existing  studies  of  the  equilibrium  in  this  system  can  not  be  successfully  utilized.  The 
changes  in  the  numerical  data  mentioned  above,  especially  in  the  thermochemical  constants, 
are  therefore  solely  responsible  for  the  rather  significant  differences  of  the  revised  from 
the  original  values  of  the  free  energy. 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 
"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6454." 

2  Consulting  physical  chemist.  Metallurgical  Division,  U.  S.  Bureau  of  Mines. 

3  Eckman,  J.  R.  ,  and  Rossini,  Frederick  D.,  The  Heat  of  Formation  of  Sulphur  Dioxide:  Bureau  of  Standards  Jour,  of 
Research,  vol.  3,  1929,  pp.  597-618. 

4  Lewis,  G.  N.,  and  Randall,  M.  ,  Thermodynamics  and  the  Free  Energy  of  Chemical  Substances:  McCraw  Hill  Book  Co., 
New  York,  1923,  1st  ed.,  653  pp. 

5  Eastman.  E.  D.,  The  Free  Energy  of  Water,  Carbon  Monoxide,  and  Carbon  Dioxide:  Inf.  Cir.  6125,  Bureau  of  Mines, 
May.  1929,  15  pp. 

6  Eastman,  E.  D. ,  Specific  Heats  of  Gases  at  High  Temperatures;  Tech.  Paper  4i5,  Bureau  of  Mines,  1929  27  pp. 
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FORMULATION  OF  THE  FREE  ENERGY  EQUATION 


Specific  Heat  Data 


The  specific  heats  required  in  these  calculations  have  been  expressed  by  the 
following  equations: 


S  ( rhomb .  ) 

S2(g) 

O2 

S02(g) 


Cp  =  4.12  +  4.7  X  10“^  T 

Cp  =  8.30  +  0.3  X  10“®  T 

Cp  =  6.76  +  0.606  X  10“®  T  +  0.13  x  10"®  T^ 

Cp  =  7.70  +  5.30  X  10"®  T  -  0.83  x  10"®  T® 


The  equation  for  rhombic  sulphur  is  that  given  by  Lewis  and  Randall.  For  oxygen  and  sulphur 
dioxide  the  equations  are  those  previously  derived. ^  It  will  be  recalled  that  for  lack  of 
detailed  data  sulphur  dioxide  was  assumed  to  be  identical  with  carbon  dioxide  in  its  specific 
heat.  This  is  probably  not  as  nearly  correct  as  might  be  desired,  and  when  more  accurate 
equilibrium  data  are  obtained  this  equation  should  be  reconsidered.  The  only  case  requiring 
extended  comment  here,  however,  is  that  of  S2  gas,  which  will  now  be  discussed. 


Lewis  and  Randall  took  the  heat  capacity  of  $2  the  same  as  that  of  O2.  In  the 
previous  paper  on  specific  heats,  ®  however,  it  was  pointed  out  that  many  of  the  more  loosely 
bound  diatomic  molecules  take  up  appreciable  quantities  of  vibrational  energy  at  relatively 
low  temperatures.  It  was  pointed  out  there  that  S2  was  more  nearly  like  Cl  2  in  this  regard 
than  any  of  the  other  gases,  and  might  be  roughly  classed  with  it.  A  more  exact  considera¬ 
tion  of  the  course  of  its  specific  heat  curbe  shows  appreciable  differences  from  the  chlorine 
equation  and  seems  to  require  separate  treatment. 

When  the  characteristic  frequency  of  vibration  of  a  diatomic  molecule  in  the  low¬ 
est  state  is  known,  it  is  possible  to  represent  its  vibrational  specific  heat  approximately 
by  means  of  the  corresponding  "Einstein  function."  In  the  case  of  S2  the  first  quantum  jump 
in  vibration  is  approximately  known,  at  least,  from  the  calculation  of  Birge®  based  on 
spectral  data.  Taking  this  jump  as  0.089  volt-equivalent,  the  corresponding  Einstein  func¬ 
tion  gives  the  values  in  Table  1  for  vibrational  heat  capacity.  The  total  heat  capacities 
given  there  are  then  obtained  by  adding  these  values  to  7/2  R,  the  molal  heat  capacity  at 
constant  pressure  of  a  diatomic  gas  with  rotational  degrees  of  freedom  fully  excited. 

Table  1.-  Calculated  heat  capacity  at  constant  pressure  in  calories  per  mol,  of  S?  gas 


T 

C  vibrational 

Cp 

total 

Cn  equation 

Cp  L 

&  R. 

250 

0.56 

7 

.52 

8 

38 

6 

75 

300 

0.80 

7 

.76 

8 

.39 

6 

.80 

500 

1.41 

8 

.37 

8 

45 

7 

00 

750 

1.70 

8 

.66 

8 

53 

7 

25 

1,000 

1.82 

8 

.78 

8 

60 

7 

50 

1,500 

1.90 

8 

.86 

8 

75 

8 

00 

2,000 

1.94 

8 

.90 

8 

90 

8 

50 

2,500 

1.96 

8 

92 

9. 

05 

9. 

00 

7  Eastman,  E.  D.,  Specific  Heats  of  Gases  at  High  Temperatures:  Tech.  Paper  445,  Bureau  of  Mines,  1929,  27  pp. 

8  See  footnote  7. 

9  Birge,  Raymond  T. ,  International  Critical  Tables:  vol.  5,  McGraw-Hill  Co.,  New  York,  1929, 
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As  will  be  seen  from  the  table,  the  heat  capacity  of  S2  is  rapidly  varying  in  the 
temperature  range  immediately  above  300°K.  The  form  of  this  variation,  moreover,  is  not 
representable  over  wide  temperature  intervals  by  simple  equations  of  the  usual  algebraic 
type.  One  must  therefore  choose,  if  this  type  of  equation  is  retained,  between  some  sacri¬ 
fices  of  accuracy  or  an  extremely  cumbersome  equation.  In  this  case  the  first  course  has 
been  followed,  since  only  moderate  accuracy  may  be  claimed  in  other  portions  of  the  work. 
The  equation  given  above  results  in  values  of  heat  capacity  shown  in  Table  1  under  the  head¬ 
ing  Cp  equation.  At  300°K.  the  value  from  the  equation  differs  by  8.1  per  cent  from  the 
value  assumed  to  be  correct.  At  500°  this  difference  is  reduced  to  1  per  cent;  and  in  the 
interval  600  tc  2,000°  it  never  exceeds  2  per  cent.  This  equation  also  should  be  revised 
when  more  accurate  equlibrium  data  are  available,  but  is  believed  adequate  for  the  present 
purpose.  For  comparison,  values  calculated  from  the  equation  used  by  Lewis  and  Randall  are 
shown  in  the  last  column  of  the  table. 


Heats  of  Reaction 


The  reactions  in  which  we  are  interested  are 

1/2  S2(g)  +02=  SO2  (g)  I 

and  S  (rhomb.)  +  O2  =  SO2  (g)  II 

The  value  of  AH  in  reaction  II,  (AH(II)),  was  directly  determined  at  238°K.  by 
Eckman  and  Rossini  as  -70,940  cal.  To  obtain  AH(I)  at  298°,  Lewis  and  Randall  resorted  to 
an  indirect  determination  through  a  value  calculated  from  free  energy  changes  in  the  reaction 

2  S(rhomb. )  =  S2  (g)  III 

Using  the  specific  heat  equations  given  above,  we  have 

ACp(III)  =  0.06  -  9.1  X  10“^T 
AH (III)  =  AHo(III)  +  0.06  T  -  4.55  x  10“ ^T^ 
and  AF°(III)  =  aHo(III)  -  0.06  T  in  T  +  4.55  X  10‘  '■’t^  +  I  iT  (1) 

From  the  values  of  aF°(III)  obtained  by  Lewis  and  Randall  at  718°  and  298°K.,  namely  3,320 
cal.  and  18,280  cal.,  both  AHo(III)  and  Ii  may  be  calculated.  The  resulting  values  are 
AHo  =  29,840  cal.  and  Ij  =  -39.81.  Lewis  and  Randall,  taking  the  heat  capacity  of  S2  the 
same  as  of  O2,  found  AHq  =  30,580  cal.,  and  Ii  =  -52  4  AH298(III)  is  calculated  from  the 
above  values  to  be  29,454  cal.,  as  compared  with  29,690  cal.  found  by  Lewis  and  Randall. 


Combining  AH (II) 
the  equation 

it  is  seen  that 


and  AH (III)  as  found  above  gives  AH 2 98(1)  =  -85,667  cal. 
ACp(I)  =  -3.21  +  4.544  X  10“^T  -  0.96  x  10"®T^ 


From 


AH(I)  =  AHo(I)  -  3.21  T  +  2.272  x  IO'^T''^  -  0.32  x  10"®T^ 
Employing  AH298(I)  found  above,  AHo(I)  becomes  -84,905  cal. 
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The  Free  Energy  Equation 

The  various  data  obtained  above  may  be  combined  to  give  the  free  energy  equation 
for  reaction  I,  i.e.,  for  the  formation  of  SOo  gas  from  S2  gas  and  oxygen.  It  is 

aF°(I)  =  -84905  +  3.21  T  In  T  -  2.272  x  lO'^T^  +  0.16  x  10“®T®  +  I 2T  (2) 

The  integration  constant,  1 2.  of  this  equation  is  then  to  be  determined  from  the  equilibria 
discussed  below. 

DETERMINATION  OF  THE  INTEGRATION  CONSTANT 

The  first  equilibrium  employed  by  Lewis  and  Randall  for  the  determination  of  1 2 
is  that  between  water  vapor,  liquid  sulphur,  hydrogen  sulphide,  and  sulphur  dioxide  at  the 
boiling  point  of  sulphur.  From  their  studies  of  this  equilibrium  they  obtained  the  free 
energy  change  at  this  temperature  in  the  reaction 

2H20(g)  +  3/2  S2(g)  =  2H2S(g)  +  S02(g).  IV 

Their  value  is  hF°7i8(IV)  =  2,250  cal.  Calculating  from  their  equation  XXXVIII,  -  22  the 
free  energy  of  H2S(g)  at  718°,  one  finds  -12,860  cal.  The  free  energy  of  water  vapor,  from 
the  equation  previously  referred  to^®,  is  -49,293  cal.  at  718°.  These  values  combined  give 
the  free  energy  of  SO2  at  718°  as  -70,614  cal.  The  latter  value  substituted  in  equation  (2), 
leads  to  the  value  I2  =  0.34. 

The  second  calculation  of  1 2  is  based  upon  the  equilibrium  studies  of  Randall  and 
Bichowsky.  From  their  work  Lewis  and  Randall  have  derived  values  of  the  equilibrium  con¬ 
stants,  K(V)  in  the  reaction 


3H2  +  SO2  =  H2S  +  2H2O.  V 

Combining  the  equations  already  referred  to  of  Lewis  and  Randall  for  the  free  energy  of  H2S, 
and  that  of  Eastman  for  H2O,  leads  to  an  expression  for  1 2  as  follows: 

I2  =  R  In  K(V)  -  48750/T  +  1.75  In  T  +  4.355  x  10“®T  -  0.882  x  lO’^T^  -  2.83 

With  the  values  of  log  K(V)  from  Table  3  of  Lewis  and  Randall the  following  values  of  1 2 
are  found: 

T  1160  1362  1473  1473  1645 

1 2  -1.49  -1.87  -2.29  -2.62  -3.15 

The  third  calculation  utilizes  the  data  obtained  by  Ferguson  in  his  study  of  the 
reduction  of  SO 2  by  CO.  Lewis  and  Randall  write  the  reaction 

2CO2  +  1/2  S2  =  2C0  +  SO2  VI 


10  Eastman,  E.  D. ,  The  Free  Energy  of  Water,  Carbon  Monoxide,  and  Carbon  Dioxide:  Inf.  Cir.  6125,  Bureau  of  Mines, 
May,  1929,  15  pp. 

11  Lewis,  G.  N.,  and  Randall,  M. ,  Thermodynamics  and  the  Free  Energy  of  Chemical  Substances:  McGraw  Hill  Book  Co., 
New  York,  1923,  p.  546. 
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and  summarize  Ferguson's  data  by  means  of  two  values  of  log  K(VI),  namely,  —3.56  at  1,275°K. 
and  -2.38  at  1,460°K.  The  equation  for  the  calculation  of  1-2,  obtained  by  combination  of 
equation  2  with  the  equations  for  the  free  energies  of  CO  and  CO 2,  is 

I2  =  -R  In  K(VI)  -  49150/T  +  6.93  In  T  -  13.118  x  10"''’T  +  4.204  x  10“'’’t2 

-  6.516  X  10“ -  15.68 

From  the  values  above  of  log  K(VI),  I2  is  found  to  be  0.37  and  -0.22  at  the  two  temperatures 
given. 


The  data  respecting  1 2  from  the  three  sources  above  is  summarized  in  Table  2. 
Table  2.-  Comparison  of  values  of  the  integration  constant.  !•>. 

of  the  free  energy  equation 


Reaction 

AveraKe  I  •> 

Deviation 

Trend 

Sulphur  and  water  at  718°K. 

0.34 

0.6 

- 

Sulphur  and  water,  1,160  to  1,645°K. 

-2.28 

.3 

1.7 

Reduction  of  SO 2  by  CO,  1,275  and  1,460°K. 

0.15 

0.6 

0.6 

The  "deviations"  in  Table  2  are  estimates  of  the  approximate  deviation  of  results  at  a 
single  temperature  from  their  mean,  while  the  "trend"  shows  the  extreme  variation  of  values 
at  different  temperatures. 

The  agreement  between  the  first  and  third  values  of  1 2  in  Table  2  is  about  the 
same  as  in  the  calculations  of  Lewis  and  Randall,  while  the  second  is  a  little  further  re¬ 
moved  from  the  other  two.  The  trends  in  1 2  in  the  last  two  series  are  also  slightly  in¬ 
creased.  The  remark  of  Lewis  and  Randall  that,  considering  the  difficult  nature  of  the 
equilibrium  measurements  the  agreement  is  surprisingly  good,  still  applies.  This  is  espec¬ 
ially  true  in  view  of  some  obvious  uncertainties  that  still  remain  in  the  subsidiary  data. 
One  of  the  more  important  of  these  is  in  the  heat  of  formation  and  specific  heat  of  H-jS, 
the  free  energy  of  which  enters  in  several  places  in  these  calculations.  The  heat  of  forma¬ 
tion  was  calculated  by  Lewis  and  Randall  from  equilibrium  measurements  at  high  temperatures. 
The  specific  heats  of  S2  gas  and  H2S  used  by  them  in  their  calculations  are  both  too  low. 
These  errors  are  at  least  partly  compensating,  and  judging  from  such  tests  of  the  results 
as  may  be  applied,  may  be  very  closely  compensated.  This  has  been  assumed  to  be  the  case  in 
the  present  calculation,  no  attempt  being  made  to  improve  the  ACp  values  for  this  substance. 
For  more  accurate  work  this  should,  however,  be  considered,  as  should  also  those  for  S02. 

Of  the  three  sets  of  measurements  above,  the  first  represents  the  smaller  extra¬ 
polation  from  the  standard  temperature,  while  the  third  is  perhaps  more  direct  and  less 
affected  by  multiple  errors  than  the  others;  both  seem  preferable  to  the  second  series.  The 
value  of  I2  in  equation  (2)  is  therefore  chosen  as  0.25,  giving  some  weight  to  both  the  first 
and  third  methods,  but  excluding  the  second. 

This  value  of  1 2  used  in  equation  (2)  gives  AF'’  =  -79,580  at  298°K.  as  the  free 
energy  of  formation  of  SO2  from  S2  gas.  Combined  with  equation  (1),  its  free  energy  from 
rhombic  sulphur  is  found  to  be  -70,440  cal. 
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SUMMARY  OF  RESULTS 

The  recalculations  described  above  lead  to  the  following  revised  equations: 

2  S(rhomb.)  =  S2(g);  aF°298  =  18,280 

hF°  =  29,840  -  0.06  T  In  T  +  4.55  x  lO-^T^  -  39.81  T 

1/2  S2(g)  +02=  S02(g):  aF°298  =  -79,580  cal. 

^F®  =  -84,905  +  3.21  T  In  T  -  2.272  x  lO'^T^  +  0.16  x  10"''’T^  +  0.25  T 

S( rhomb.)  +  O2  =  SO  2(g);  aF°  298  =  -70,440  al . 

The  values  recorded  by  Lewis  and  Randall  for  the  above  reactions  are,  respective¬ 
ly,  18,280,  -78,560  and  -69,660.  (There  is,  however,  a  discrepancy  in  these  values.  If  the 
first  two  are  correct,  the  third  apparently  should  be  -69,420.) 

The  above  values  for  sulphur  dioxide  are  recommended  for  temporary  and  immediate 
use,  but  may  be  subject  to  further  correction  when  the  thermodynamics  of  the  reaction 
Cu-jS  +  2CU2O  =  4Cu  +  SO2  has  been  satisfactorily  discussed.  Work  on  certain  phases  of  this 
reaction  is  now  in  progress  at  the  Pacific  Experiment  Station  of  the  U.  S.  Bureau  of  Mines. 
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INTRODUCTION 

Before  the  World  War  the  use  of  zirconium  and  its  compounds  was  large¬ 
ly  experimental  and  confined  almost  wholly  to  Germany  and  Austria.  Occasion¬ 
ally  small  lots  of  zirconium  ore  had  Been  produced  in  the  United  States  (1,000 
pounds  in  1869,  26  tons  in  1833,  and  3,000  poimds  in  1903)  and  used  (with 
monazite)  in  the  manufacture  of  various  lighting  devices,  especially  incandes¬ 
cent  gas  mantles;  hut  it  wa,E  not  until  1906  that  the  discovery  of  the  natural 
zirconium  oxide  in  large  quantities  near  Sao  Paulo,  Brazil,  first  gave  promise 
that  a  zirconium  industry  eventually  might  he  developed.  Edward  Rietz,  who 
worked  the  Brazilian  deposits,  interested  German  chemists  in  extending  the  use 
of  zirconium,  and  hy  1911  trade  journals  were  listing  German  firms  as  manu¬ 
facturers  of  compounds  or  products  derived  therefrom,  Eor  a  time  zirconia  was 
one  of  the  various  oxides  used  in  the  Nernst  lamp.  It  was  used  also  for  cru¬ 
cibles  and  hearths  as  refractory  material;  in  the  manufacture  of  chemical 
utensils;  in  enamels;  in  the  place  of  bismuth  subnitrate  for  defining  Rontgen- 
ray  pictures  of  the  stomach;  as  a  pignient;  in  medicine;  and  in  a  number  of 
other  ways.  The  Germains  v;eve  credited  also  with  producing  a  remarkable  zir¬ 
conium  steel,  which,  it  was  claim.ed,  was  much  superior  to  other  alloy  steels. 

During  the  World  War  the  United  States  Government  investigated  the 
possibilities  of  zirconium,  as  well  as  those  of  other  steel-hardening  elements, 
and  a  large  automobile  manufacturer  actually  purchased  a  substantial  cjuantity 
of  ore  vith  the  purpose  of  employing  zirconium  in  automobile  steels.  Immedi¬ 
ately  after  the  armistice  the  Government  ceased  its  investigations;  but  despite 
the  difficulties  experienced  by  various  investigators  in  reaching  concordant 
results,  interest  in  the  use  of  zirconium  as  a  steel-hardening  agent,  as  well 
as  in  other  uses  of  the  element  and  its  compounds,  continued.  In  1918  the 
Foote  Mineral  Co,,  which  had  been  Interested  in  zirconium  for  several  years, 
v/as  exploiting  the  deposit  in  Brazil  formerly  worked  by  the  Gemnans  and  was 
supplying  zirconia  in  the  form  of  ore,  brick,  and  cement  for  refractory  and 
other  purposes,  ibout  the  same  time  the  Electro  Metallurgical  Co,,  which  before 
the  entrance  of  the  United  States  into  the  war  was  experimenting  with  zirconium 
alloys,  supplied  in  tonnage  quantities  the  demand  for  these  alloys.  In  1919 
it  was  reported  that  American  manufacturers,  after  several  years  of  research, 
were  producing  in  commercial  quantities  pure  zirconium  oxide,  ^diich  was  finding 
a  place  in  the  manufacture  of  small  refractory  articles,  scorifying  dishes, 
crucibles,  tubes,  and  one-piece  furnace  linings. 

In  1920  the  lowering  of  the  price  of  zirconium  metal  powder  (because 
of  improved  metallurgical  methods)  promised  the  production  of  the  metal  on  a 
semi  commercial  scale.  In  1924  the  Titanium  Alloy  Maniaf  acturing  Co,  introduced 
a  new  opacifying  agent,  "Opax,"  made  from  zircon,  A  year  or  two  later  some 
of  the  large  pottery  manufacturers  became  interested  in  the  use  of  zirconium 
oxide  as  an  opacifying  agent,  the  increased  production  of  titani-um  pigments 
having  resulted  in  the  production  of  zirconium  as  a  by-product  at  a  price  that 
could  compete  with  tin  oxide.  In  1928  it  was  reported  that  the  industrial  use 
of  zirconium  oxide  was  increasing  steadily  in  the  manufacture  of  brick,  cru¬ 
cibles,  and  other  refractory  products,  such  as  high-temperature  cements.  How¬ 
ever,  the  reluctance  of  producers  to  install  additional  and  more  suitable 
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machinery  for  sortiii^  and  concentrating  the  ore  was  limiting  somewhat  the 
manufact-'jre  of  these  products.  In  1989  the  report  was  that,  although  a  short¬ 
age  of  high-grade  ore  existed,  the  use  of zirconium  In  enamels  for  opacifying 
and  its  use  as  a  refractory  material  had  increased.  In  1930  the  Foote  Mineral 
Co,,  reported  greatly  increased  use  of  zirconium- oxide  as  a  refractory, 

.  :  _  DESCRIPTION  idID  PRQP£fiTiSS 

Zirconium  falls  into  Group  IV  of  the  periodic  system.  Its  position 
in  this  group,  previously  indicated  hy  its  analogies  with  the  elements  of  the 
fourth  group,,  was  first  confirmed  hy  means  of  the  high-f re.quency  spectrum.  As 
might  he  expected  from  their  relative  positions  in  the  periodic  table,  zir¬ 
conium  resembles  titanium  in  many  of  its  characteristics  and  has  properties  in 
common  with  germanium  aL  so, 

.As  zirconium  is  an  exceedingly  difficult  metal  to  isolate,  conflict¬ 
ing  statements  have  been  made  with  respect  to  its  nature  .and  properties;  and, 
according  to  Lee,^  most  of  the  data  with  reject  to  zirconium,  painfully  ac¬ 
quired  during  a  century  andahalf,  must  now  he  revised  as  a  regolt  of  the  dis- 
coyer.y  that  the  substance  .formerly  considered  an  .element  is  really  a  mixture 
of, two  elements,  one  zirconium  and  the  other  hafnium. 

Descrj-ption  of  the  Metal  r.  ..... 

In  a  reasonably  pure  condition  (as  far  as  it  .has  been  prepared), 

99.69  to  99,89  per  cent,  the  metal  is  known  as  an  amorphous  hlack  powder,  which 
is  steel-gray  in  color  when  melted,  and  which  gives  a  lustrous  metallic  mirror 
when  burnished.  The  existence  of  crystalline  and  graphitic  forms  has  been 
claimed  but  not  proved,  according  to  Venable,^  who  states  that  investigators 
reporting  them  had  alloys  rather  than  the  pure  metal  at  hand.  Marden  and  Rich 
seem,  to  agree  with  this  conclusion  "of  Venable.  In  discussing  the  different 
forms  oi  the  metal,  they  refer  to  the  "  so-called”  cr.ystalline  zirconium  pre¬ 
pared  by  ..Troos.t  and  refer  also  to  the  m.ethod  for  th®  preparation  of  the  graph¬ 
itic  zirconiiam  (first  used  by  Troost)  as  a  doubtful  one  for  the  production  of 
a  pure  metal . ^  According  to  these  same  authors,^  the  coherent  (or  sintered) 
metal  shows  decided  crystalline  structure'  under  the  microscope,  but  many  of 
the  references  in  the  literature  to  crystalline  zirconium  describe  the  alu¬ 
minum  alloy. 


3  -  Lee,  0.  Ivan,  The  Mineralogy  of  Hafnium:  Chem,  Reviews,  vol,  5,  llo.  19; 

Am.  Chem.  Soc. ,  1923,  p.  35. 

4  -  Venable,  Francis  P.,  Zirconium  and  its  Compounds:  An.  Chem.  Soc.  Mono¬ 

graph  Ser,  ,  The  Chemical  Catalog  Co.  (Inc.),  New  York,  N.  Y. ,  1922,  p.  26. 

5  -  Marden,  J.  W.  ,  and  Rich,  M.  N. ,  Investigations  of  Zirconium  with  Especial 

Reference  to  the  Metal  and  the  Oxide:  Bull.  186,  Bureau  of  Mines,  1921, 
pp.  36-37. 

6  -  Jiarden,  J.  W.,  and  Rich,  M.  N, ,  Work  cited,  p,  37. 
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Properties  of  the  Metal 

The  melting  point  of  zirconipm  is  2,130°C.  The  specific  gravity  of 
hafnium-free  zirconium  is  6.52,  and  its  atomic  volume  is  The  atomic 

weight  of  th^  metal  is  80.6;  its  hardness , 6. 7;  its  specific  refraction,  0,242; 
and  its  atomic  refraction,  21.9.® 

Pure  zirconium  rods  produced  by  thermal  decomposition  of  zirconium 
tetraiodide  can  he  worjied,  although  rods  made  from  zirconitim  powder  can  not  he. 

The  workable  rods  may  he  hamm.ered,  rolled  out,  and  drawn  to  thin  filaments, 
having  a  diameter  of  less  than  .0008  inch. 

Chemically,  zirconium  is  a  very  reactive  metal,  It  is  readily 
attacked  by  hydrofluoric  acid,  hot  concentrated  sulphuric  acid,  and  aqua  regia. 
Concentrated  hydrochloric  acid,  however,  acts  upon  it  only  slightly  and  nitric 
acid  not  at  all.  It  combines  with  all  gases,  except  the  rare  gases,  imorphous 
zirconium  when  heated  below  700°  absorbs  hydrogen,  forming  a  solid  hydride, 
which  is  fully  dissociated  at  800°.  Zirconium  combines  readily  with  oxygen, 
burning  wi  th  a  bright  light  when  heated  even  much  below  rtxi  heat;  the  denser 
and  purer  metal  oxidizes  only  slowly  when  heated  in  air  up  to  270°.  Amorphous 
zirconium  readily  combines  with  nitrogen;  and  when  heated  with  carbon  it  forms 
a  carbide,  which  if  rich  in  carbon  is  gradually  decomposed  in  air  but  which 
otherwise  remains  stable.  At  high  temperatures,  the  metal  readily  combines 
with  silicon  and  boron.  Zirconium  when  heated  and  acted  upon  by  chlorine  and 
bromine  forms  tetrahalides;  when  heated  and  passed  over  by  ammonia  it  forms  the 
nitride.  Sulphur  combines  with  heated  zirconium.  Red  phosphorous  combining 
with  zirconium  gives  a  black  powder.  Zirconium  forms  alloys  with  copper, 
silver,  aluminum,  metals  of  the  iron  group,  and  others,  but  not  with  tin  or 
lead.^ 

In  a  comparatively  recent  contribution  to  the  trade  literature,  De 
Boer^  says  of  zirconium  metal,  especially  of  that  produced  by  his  own  processes, 
that  it  has  a  specific  electrical  resistance,  at  .0  C,,  of  41  times  10“  ohms 
per  cm?;  a  temperature  coefficient  of  resistance,  at  0  to  100°C. ,  of  0.0044; 
a  coefficient  of  linear  thermal  expansion,  at  room,  temperature,  of  6,3  times 
10“®;  and  an  electron  emission  of  1.3  mill iamperes  per  square  centimeter  at 
1,700°  K.  Zirconium  has  about  the  same  electron  emission  at  1,700°  K.  as 
thorium  at  1,400°  K,  and  tungsten  at  2,000°  K.  (See  also  article  by  De  Boer 
referred  to  in  footnote  7.) 

7  -  De  Boer,  J-.  H. ,  Zirconium;  Roote-Prints  on  the  Rare  Metals  and  Unusual 

Ores,  vol.  3,  No.  2,  Foote  Mineral  Co.  (inc.),  Philadelphia, ,  Pa. ,  1930, 
p.  18. 

8  -  Venable,  Francis  P. ,  Work  cited,  pp.  27-28. 

9  -  Venable,  Francis  P. ,  Work  cited,  p.  30. 

10-  De  Boer,  J.  H, ,  Zirconium:  Ini.  Eng.  Chem. ,  v,ol.  19,  No,  11,  Am.  Chem. 

Soc. ,  Nov. ,  1927,  pp.  1256-1259.  ^ 
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PescriTjt ion  of  the  Oxide 

The  only  definitely  known  oxide  of  zirconi'um  is  the  dioxide,  which 
occurs  in  nature  as  haddelej'-ite,  and  which  can  be  ma,de  in  the  laboratory  by  the 
ignition  of  different  zirconium  compounds,  as  the  sulphate,  the  oxychloride, 
and  the  hydroxide.  According  to  Marden  and  Rich,H  zirconia  (ZrOs)  exists  in 
two  forms,  amorphous  and  crystalline.  The  amorphous  zirconia  is  a  white  powder 
of  flourline  appearance  when  finely  pulverized  and  is  exceedingly  inert  toward 
chemical  agents.  This  is  the  form  that  is  generally  produced  in  the  laboratory 
or  in  industrial  plants.  Crystalline  zirconia,  according  to  De  Boer,^  has  at 
least  three  crystal  modifications  (monoclinic,  pseiTdoregular-tetragonal,  and 
pseudohexagonal-rhombic  forms)'.  •  < 

t  -  .  . 

Pro-pert ies  of  th&  Oxide  . . 

I  ■  • 

As  is  the  case  with  the  metal,  statements  with  respect  to  the  proper¬ 
ties  of  the  oxide  vary  with  different  authors.  In  a  very  recent  article,  De 
Boerl3  gives  the  following  data:  .  .  . 

The  density  of  the  monoclinic  form  is  5.56;  that  of 
the  tetragonal  form  is  6.10. 

.  The  melting  point  is  very  high,  2,950°+  20°  K.  The 
oxide  is  a  good  ins-ulator  for  heat  and  electricity.  The  coeffi¬ 
cient  of  expansion  is  about  8. 10”’^,  only  a  little  higher  than 
that  of  silica,  at  least  when  the  oxide  has  been  melted  before. 
Corresponding  to  the  change  in  modification,  there  is  a  cbn^*’ 
traction  at  about  1P00°  C.  Heated  in  an  oxyhydrogen  flame,  the 
oxide  gives  a  brilliant  white  light. 

The  hardness  of  well -ignited  zirconium  dioxide  (a  hard, 
white  powder)  lies  between  6  and  7. 

From  a  chemical  point  of  view,  zirconium  dioxide  is  a 
very  stable  product.  This  can  be  seen  from  the  exceptionally 
high  heat  of  formation,  which  is  264c 0  2.  cal.  per  mol.  (out  of 
metal  and  oxygen).  When  it  is  ignited,  it  is  practically  in¬ 
soluble  in  ail  acids,  except  hydrofluoric  acid,  which  dissolves 
it  with  a  very  violent  reaction,  provided  the  oxide  was  not 
ignited  at  too  high  a  temperature.  It  is  attached  by  melted 
alicali  bisulphate,  caustic  alkalies,  or  alkali  carbonates. 

Heated  with  carbon,  it  will  yield  the  carbide  ZrC.  Heated  with 
carbon  in  a  chlorine  stream,  it  gives  the  tetrachloride. 

11  -  Marden,  J.  W. ,  and  Rich,  M.  N. ,  Work  cited,  p.  20. 

12  -  De  Boer,  J.  H. ,  Zirconium:  Foote-Prints  on  the  Rare  Metals  and  Unus-ual 

Ores,  vol.  3,  No.  2,  Foote  Mineral  Co.  (Inc,),  Philadelphia,  Pa., 

1930,  pp.  6-7. 

13  -  De  Boer,  J.  W. ,  Work  cited,  pp.  7-8. 
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For  a  description  of  the  nature  and  properties  of  the  other  compounds 
of  zirconium,  the  reader  is  referred  to  the  words  of  Venable, ^4  cf  Ma^rden  and 
Rich,  15  of  poer,15  quoted  in  preceding  paragraphs. 

HISTORY  OP  THE  ELTMHliT  , 

■The  following  chronology  gives  the  names  of  scientists  connected  with 
the  discovery  of  the  element  and  its  history  step  by^'step. 

1789 — Hlaproth,  while  studying  samples  of  the  mineral  zircon  from 
Ceylon,  found  a  large  amount  of  an  oxide  resembling  aluiaina  closely  but 
differing  from  it  in  being  Insoluble  in  allealies.'  To  this  oxide  the 
name  "zirconium”  was  given,  a  name  that  is  probably  a  corruption  of 
"jargon,"'  a  Persian  word  meaning  gold-colored. 

1818 — Berzelius  pointed  out, the  resemblance  of  the  oxide  to  aliimina 
and  gave  it  the  formul'a  Zr^O-^^.  '  ' 

1624 — Berzelius  prepared  the  metal  as  an  iron-gray  powder  hy  re¬ 
ducing  potassium  fluozirconate  with  potassium. 

1845 — Svanberg  announced  his  belief  that  the  oxide  is  a  mixture 
of  at  least  three  earths;  and  he  reported  the  new  earth  noria, 

1857 — Devl.lle  and  Troost  determined  the  vapor  density  of  the 
chloride,  that  the  elemient  is  quadrivalent,  and  that  the  formula  ZrOp 
must  he  assigned  to  the  oxide. 

f 

1859 —  Rose  showed  that  the  formula  ZrOg  was  in  accord  with  the 
isomorphism  of  rutile  (TiO^)  and  zircon  (Zr02,Si02). 

1860 —  Marginac  observed  the  isomorphism  between  the  fluozirconates 
of  zinc  and  nickel  and  the  fluosilicates,  fluotitinates,  and  fluo- 
stannates  of  these  metals. 

1864 — llylander  claimed  that  he  had  separated  the  new  oxides,  from 
zirconia.  ' '  ' 

1665 — Troost  claimed  that  he  had  prep.ared  the  crystalline  metal. 

;  1869 — Sorby  and  Forbes  announced  the  discovery  of  jargonia,  a  new 

oxide.  Church  fo-und  the  new  element  nigri'jm. 

T4  -  Venahie,  Francis  P. ,  Vfork  cited;  pp.  55-125. 

15  -  Marden,  J.  'fth  ,  and  Rich,  M.  IT.,  V/orx  cited,  pp.  13-19. 

16  -  De  Boer,  J.  E. ,  Zirconium:  Foote-Prints  on  the  Rare  MeteJs  and  Unusual 

Ores,  vol.  3,  No.  2,  Foote  Mineral  Co.  (inc.),  Philadelphia,  Pa.,  1930, 
pp.  6-13.  -  ,  . 
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1901 — Hofman  and  Frandtl  claimed  to  have  separated  euxenerde 
from  the  z:irconia  of  euxenite. 

1823 — Coster  and  Heves"''  announced  that  examination  of  the  X-ray 
spectra  of  the  corcr.oner  zirconium  minerals  disclosed  the  presence, 
often  in  coneiderahlo  qrajitity,  of  element  72  (for  which  they  proposed 
the  name  "hafnium")*  v.-hiGh  remains  closely  associateii  with  zirconium 
in  the  extraction  of  that  element  and  is  not  easily  separated  from  it. 

USES 

<■  The  first  recorded  use  of  zirconium  or  its  compounds  was  the  employ¬ 

ment  of  the  natural  silicate  as  gem  material.  Zircon  .jewelry  had  been  sold 
in  very  small  amounts  for  many  years,  and  recently  zircon  stones  have  become 
much  more  popular,  largely  owing  to  the'  introduction  of  the  so-called  "blue 
variety,"  named  "Starlite"  by  Uri  2unz. 

The  widest  application  of  zirconium  at  the  present  time,  however, 
is  the  use  of  the  oxide  as  refractory  material;  and  the  second  most  extensive 
use,  it  is  claimed,  is  that  of  the  oxide  as  an  opacifying  agent,  especially 
in  enamel  ware,  as  a  substitute  for  tin  oxide,  Lijcewise,  the  use  of  the 
oxide  as  an  opacifier  ‘in  lacquers  and  automobile  enamels  seems  to  be  of  in¬ 
creasing  importance. 

Growing  utilization  of  the  pure  metal  is  indicated  by  the  decided 
drop  in  prices  in  1929.  Also  more  extended  use  of  the  metal  alloys  in  steel 
is  signified  by  a  definite  increase,  in  1929,  in  the  imports  into  the  United 
States  of  steel-hardening  ore. 

Refractory  Uses 

.  Both  zirconia  (the  pure  zirconium  oxide)  and  zirkite  (the  native 

Brazilian  oxiae  or -a  semiraan\af actured  form  carrying  75  to  85  per  cent  of 
oxide)  are  employed  as  refractory  material;  however,  as  the  pure  oxide  is  too 
costly  for  large-scale  industrial  use,  zirkite  is  generally  substituted. 

Because  of  its  high  fusing  point  (about  3,000^  C.),  zirconia  is 
one  of  the  most  refractory  oxides  known.  It  does  not  melt  below '2, 560*^  0. 
.even  when  it  contains  approximately  1.25  per  cent  of  silica  and  ferric  oxide. 
The  pure  fused  material  has  ver.’  low  therm.al  .onductivity  and  a  very  low  co¬ 
efficient  of  expansion  (8.4  tim.3s  10“'^),  which  compares  favorably  with  that 
of  carborundum  (6.53  times  lO"*^)  or  alundum  (7.1  times  10“S).  Zirconia  with¬ 
stands  sudden  charges  of  temperature  remarkably  well,  and  it  is  chemically 
inert,  being  highly  resistant  to  acids,  fused  q-'aartz,  and  molten  glass,  and 
to  a  large  extent  even  to  faeed  alkalies.  Under  certain  conditions,  however, 
it  has  a  tendency,  to  be  changed  at  high  temperatures  into  a  nitride  or  a 
carbide, 

17  -  Rodd,  E.  E; ,  Zirconia  as  a  Refractory;  Mineral  Pooto-Notes,  July^Aug., 
1918,  Eoute  Mineral  Co.,  Philadelphia,  Pa.,  1918,  p.  7. 
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Brick 

Improved  methods  of  working  zirconia  into  tricks  and  the  addition 
of  minim-urn  q-uantities  of  magnesia  or  lime  to  obviate  their  former  tendency  to 
crack  have  greatly  increased  the  use  of  zirconia  or  zirkite  bricks.  The 
various  standard  shapes  are  finding  wide  application  in  the  United  Stataa, 
especially  for  lining  electric  furnaces. 

With  respect  to  the  qualities  of  this  form  of  refractory  material, 

La  Coultre  and  Carl^®  stated  that  the  softening  temperature  for  zirconia  brick 
is  900°  C.  higher  than  that  of  fire  clay  and  600°  higher  than  that  of  carbo- 
rund\im.  The  melting  point  of  the  brick,  2,600°  C, ,  is  the  same  as  its  soften¬ 
ing  temperature,  Zirconia  bricks  are  ineht  to  chemical  influence;  they  are  not 
attacked  by  hydrofluoric  acid  or  by  bisulphates;  they  are  almost  twice  as 
brittle  as  fire  clay  or  silica  bricks  and  six  times  as  brittle  as  alumina 
bricks;  their  compressive  strength  is  nearly  double  that  of  fire  clay;  their 
tensile  strength  is  much  greater  than  that  of  other  refractories;  and  their 
wear  in  furnaces  is  much  less  than  that  of  silica  bricks.  The  greater  wearing 
quality  of  the  bricks  insures  longer  life  and  reduction  in  repair  charges  for 
a  f-urnace,  compensating  for  the  higher  initial  cost  of  the  bricks. 

19  respect  to  man-ufac tuning  processes  for  zirkite  bricks,  Meyer 

says  that  the  American  method  of  manufacture  consists  essentially: 

- In  first  passing  the  ore  through  a  crusher  and  grinding 

it  to  about  60-mesh  in  a  dry  pan,  removing  all  particles  running 
finer  than  100-mesh  by  passing  it  over  inclined  screens  and  bonding 
the  resulting  product  with  zirkite  cement.  About  50  per  cent  of 
60-mesh  zirkite  and  50  per  cent  of  zirkite  cement  constitute  the 
refractory  mass.  This  is  made  into  a  stiff  miud  with  water  and 
mo-ulded  in  the  same  fashion  as  silica  brick.  "Green"  zirkite 
bricks  have  to  be  dried  very  slowly,  as  otherwise  they  develop  air 
cracks.  Furthermore,  great  care  sho-old  be  exercised  in  setting 
them,  as  they  are  very  brittle  in  the  unb-urnt  state.  The  percent¬ 
age  of  loss  is  rather  high,  but  the  warpage  and  cracked  bats  ceui 
be  used  over  again  after  regrinding  in  the  dry  pan. 

Cement 

The  Foote  Mineral  Co,  offers  "Zirkite"  cement  in  two  grades,  both  of 
high-melting  point,  low  coefficient  of  expansion,  low  thermal  conductivity,  and 
high  resistance  to  corrosive  d.  ag  and  gases.  One  grade,  the  plastic  grade 
(in  the  form  of  dry  powder),  carries  75  to  80  per  cent  of  pure  zirconium  oxide. 


18  -  La  Coultre, _ ,  and  Carl, _ ,  Zirconia  Bricks:  Chem.  Age,  vol.,  17, 

London,  Oct.  1,  1927,  pp,  28-29  (of  the  Monthly  Metall.  sec.). 

19  -  Meyer,  H.  C. ,  Zirconia;  Its  Occ-urrence  and  Application:  Trans.  Ceramic 

Soc.,  vol.  18,  1918-19,  Stoke-on-Trent,  1919,  p.  273.. 
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has  a  softening  point  of  1,750  to  1,800°G.,  and  sets  at  room  tei^perature  to  a 
hard  mass  within  a  few  hours.  It  is  especially  suitable  for  raznmed-in  linings 
or  patchings.  The  nonplastic  grade,  which  lends  itself  especially  to  '’laying 
up  zirkite  bricks,"  does  not  harden  at  room  terijperature  but  at  a  temperature  of 
about  500°  C. 

Another  product,  trade-marked  " Zirkonalba,"  a  chemically  pure  oxide, 
is  used  as  a  cement  and  also  in  the  manufacture  of  articles  subjected  to  ex¬ 
ceptionally  high  and  rapid  fluctuations  of  temperature  or  to  the  corrosive 
action  of  slags  and  firrnace  gases.  A  melting  point  of  2,500  to  3,000°  C. 

(4,503  to  5,432°  I*.)  is  claimed  for  Zirkonalba. 

Laboratory  Ware 

With  respect  to  the  manufacture  of  highly  refractory  utensils  for 
laboratory  equipment  and  similar  ware,  Meyer  states^^  that  zirkite  filtering 
crixibles,  muffles,  combustion  tubes,  combustion  boats,  pyrometer  tubes,  and 
Kipp  generators,  with  replacoable  units,  are  now  on  the  market  at  prices  that 
compare  favorably  with  like  articles  of  porcelain  or  fused  silicat  that  com¬ 
bustion  tubes  have  run  in  steel-testing  laboratories  on  carbon  determinations 
for  as  long  a  period  as  three  months,  in  constant  use  day  and  night;  that  be¬ 
cause  of  the  composition  of  these  tubes  they  are  not  attacked  by  basic  sub¬ 
stances,  do  not  devitrify,  and  are  gasrtight  up  to  temperatures  of  1,000°  C. 

According  to  the  Bpxeau  of  Standards,^  zirconia  , crucibles  (cast  and 
fired  as  described  below)  have  proved  to  be  satisfactory  for  melting  platinum 
(melting  point,  1,755°  C. )  and  rhodium  (melting  point,  1,950°  C. )  in  air  in 
high-frequency  furnaces.  These  crucibles,  which  are  best  when  made  with  an 
outer  supporting  crucible  of  alundum  or  porcelain,  with  the  anniuar  space 
packed  with  dry,  purified  zirconia,  as  they  do  not  withstand  sudden  tempera¬ 
tures  as  well  as  coifLd  be  desired,  have  been  successfully  used  for  making 
laboratory  melts  of  platinum  and  platinum- rhodium  alloys  up  to  300  or  350  grams 
in  weight.  The  process  of  manufacture  of  this  type  of  crucible  is  as  follows: 

Commercial,  electrically  sintered  and  milled  zirconia  is  washed 
three  or  four  times,  or  until  the  washings  are  free  from  iron,  in  hot 
1  :  1  hydrochloric  acid.  The  acid-washed  and  dried  zirconia  is  then 
roasted  in  an  electric  muffle  furnace  at  800  to  900°  in  porcelain 
evaporating  dishes,  with  free  access  of  air  and  with  frequent  stirring 
in  order  to  biarn  out  the  carbon  or  carbides. 

The  purified  zirconia  is  then  prepared  as  a  casting  "slip"  by 
grinding  with  water  and  a  sm.all  amount  of  china  clay  in  a  porcelain 


20  -  Mineral  Foote-lTotes,  Zirconia:  Vol.  3,  No.  1,  Foote  Mineral  Co.,  Phila¬ 

delphia,  Pa.,  1930,  p.  62. 

21  -  Meyer,  H.  C. ,  Work  cited,  pp.  274-275. 

22  -  Jordan,  Louis,  Peterson,  A.  A.,  and  Phelps,  L.  H. ,  Refractories  for  Melt¬ 

ing  Pure  Metals;  Iron,  Nickel,  Platinum:  Trans.  Am.  Electrochem.  Soc., 
vol.  50,  1927,  pp.  162-164. 
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ball  mill  with  flint  pebbles.  The  ball-mill  charge  is  made  in  the 
proportions  of  1,000  grams  of.  purified  zirconia,  40  grams  of  china 
clay,  and  500  cubic  centimeters  of  water.  After  grinding  for 
approximately  8  hours,  th5.s.  slip  is  in  a  suitable  condition  for 
casting  in  plaster  of  Paris  molds. 

The  cast  zirconia  crucibles  are  dried,  first  in  air  and  then 
'  in  an  oven  at  120  to  150°  C.,  and  are  then  fired  to  1,700  to  1,800°  C. 
in  an  Arsem  furnace  inside  a  covered  protecting  crucible  of  zircon¬ 
ium  sil  icate.  •: 

Opacifyina  Uses 

As  an  opacifier  in  enamels,  as  well  as  a  clouding  agent  in  glass, 
zirconia  is  an  excellent  substitute  for  stannic  oxide,  antimony  oxide,  and 
others.  As  a  result  of  investigations  in  Germany,  a  number  of  proprietary 
compounds  of  zirconium  oxide  mixed  with  certain  fluxes  have  been  placed  on  tjie 
market,  and  many  foreign  patents  have  been  issued  covering  the  use  of  the 
oxide  in  white  enamels  for  steel  and  cast-iron  utensils. 

The  pure  zirconium  oxide  is,  it  is  claimed,  superior  to  stannic 
oxide  in  that  it  is  less  easily  reduced,  is  less  volatile,  and  produces  an 
enamel  that  is  more  resistant  to  vegetable  and  fruit  acids.  One  authority 
maintains  that  zirconium,  compounds  are  more  dependable  than  other  substitutes 
for  stannic  acid  in  the  opaquing  of  white  glazes,  5’  per  cent  of  the  oxide  pro¬ 
ducing  a  good  white  glaze,  whereas  other  authorities  state  that  zirconium 
oxide  has  less  covering  ppwer  than  stannic  oxide,  and  that  it  is  very  diffi¬ 
cult  to  obtain  an  iron— f re, e  product. 

Minor  Uses  of  the  Oxide 

The  incandescence  of  zirconium  oxide  when  heated  was  early  taken 
advantage  of  in  mantles,  glowers,  and  lights.  It  first  replaced  the  calcium 
oxide  cylinders  in  the  Drummond  light;  zirconia  rods,  heated  to  incandescence, 
were  tried-  out  for  lighting  Paris  streets;  an  incandescent  mantle  was  made  that 
was  composed  chiefly  of  zirconia,  which  was  bOon  replaced  by  thoria,  however; 
in  the  llernst  light,  small  rods  or  glowers  of  zirconium,  magnesium,  and  yttrium 
oxides  were  heated  by  an  auixiliary  device  to  a  temperature  of  about  700°  C. , 
at  which  point  they  became  conductors  of  electricity  and  through  their  resist¬ 
ance  to  the  passage  of  current  becamie  incandescent.  Except  in  the  Bleriot 
light,  which  has  been  adopted  somewhat  extensively  abroad,  the  q-uantity  of 
zirconia  employed  in  these  connections  is  smiall. 

Zirconia,  as  "Kontrastin,"  has  been  substituted  for  bismuthyl  nitrate 
as  a  lining  for  the  stomach  in  connection  with  X-ray  photographs.  Because  of 
its  hardness,  its  stability  tov/ard  chemical  reagents,  and  its  volume,  zirconia 
has  been  suggested  for  polishing  and  toilet  powders..  Small  additions  of  zir¬ 
conia  to  fused  silica  v/are  prevent  devitrification.  Finely  divided  oxide  in-  ^ 
corporated' with' rubber. before  its  vulcanization  increases  its  toughness  and 
accelerates  the  vulcanizing  process.  Zirconium  oxide  produces  a  nonpoisonous, 
nondiscoloring  white  paint;  it  is  used  in  ink,  water-color  paints,  and  like 
products . 
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Upes  of  Other  Coropoyinds 


The  carhide  has  been  patented  as  a  f  j.laii'iSnt  for  irxcandcscent  lamps. 
It  has  been  suggested  as  an  abrasive,  an  experimental  cement  wheel>  giving  good 
results  V73th  mother-of-pearl.  It  can  not  he  used,  however,  in  ceramic  wheels, 
as  it  reacts  with  silicates  at  high  tempei at 'ii'es. 


The  nitrate  has  been  employed  as  a  food  preservative  and  in  the 
lighting  fluids  used  in  the  manufacture  of  incandescent  mantles. 


The  acetate  has  been  used  in  the  place  of  stannic  salts  for  the 
weighting  of  silk,  a  50  per  cent  weighting  being  feasi.ble. 

Zirconiim  h^/droxide  has  been  considered  for  use  in  the  purification 
of  water.  Zirconium  compounds  are  used  as  mordants  in  the  dyeing  industry  and 
in  the  preparation  of  lac  dyes.  Zirconyl  tannate  may  find  use  as  a  substitute 
for  sodium  tungstate  or  stannate  in  rendering  clct.li  nonini'Iammable.  The  tetra¬ 
chloride  has  been  suggested  as  a  chlorinating. agent. 

Uses  of  the  Metal 

Probably  the  chief  commercial  use  of  the  mietal  to-day  is  in  flash¬ 
light  powders.  Us^oally  a  mixture  containing  60  per  cent  of  zirconium  and 
40  per  cent  of  magnesium  is  used,  with  bariiom.  nitrate  as  a  primer.  Another 
flashlight  device  consists  essentially  of  aluminum  leaf  covered  with  zirconium- 
metal  paste,  whiich  is  set  off  when  connected  with  an  electric  lighting  circuit. 

Zirconium  metal  is  employed  in  radio  tubes,  in  which  it  acts  a$  a 

"getter. " 


Investigators  have  succeeded  in  producing  a  malleable  zirconium  as 
a  substitute  for  platinum  in  the  chemical  laboratory.  The  metal  is  suitable 
for  use  in  the  manufacture  of  scientific  apparatus  and  most  delicate  instru¬ 
ments  and  is  said  to  be  an  ideal  material  in  a  antis  try,  because  of  its  mallea¬ 
bility,  ductility,  noncorrosiveness,  and  iirrperviousness  to  the  action  of  gases. 

The  metal  is  of  peculiar  value  for  use  on  spark  plugs,  thermocouples 
in  pyrometers,  and  other  instruments  for  measuring  heat,  because  of  its  high 
fusing  temperature.  '  - 

,  t  .  • 

Research  work  has  been  carried  on  with  reference  to  the  employment  of 
zirconium  for  the  lining  of  cylinders  of  internal- comb  us ti on  engines  and  for 
the  manufacture  of  pistons. 

The  fact  that  zirconium  has  a  pronounced  electronic  valve  action  is 
noteworthy,  although  zirconium  electrodes  may  not,  when  available,  be  of  great 
value  in  connection  with  valve  cells.  A  new  resistor,  which  has  simplified  the 
manipulation  of  currents  used  for  impulse  tests  or  measuring,  has  been  developed 
from  a  so-called  "zircon  mixture."  'These  zircon  rods  are  particiolarly  suitable 
for  field  investigations  of  lightning  disturbances  on  transmission  lines. ^ 

23  -  Beck,  Edwai'd,  A  Uew  Resistor  for  Use  in  Measurements  of  Impulse  Voltages 
and  Currents:  Electrical  Jour.,  vol.  25,  No.  3,  Mar.,  1928,  pp.  157-158. 
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ZIRCOMIUM  ALLOYS 

A  few  hundred  tons  of  eirconium  ore  is  used  annually  in  the  px^iduc-. 
tion-of  2irconiuiT’  allovs.  Ihese  alloys,  which  are  produced  in  electric  fur- 
nades,  are  employed  principally  in  the  production  of  steel  castings.  The  suib- 
8  itution  of  zirconium-f errosilicon  for  the  ordinary  ferrosilicon  mates  possible 
a  sounder  and  cleaner  product,  which  is  aesirable  in  steels  for  castings, 
orged  products,  and  rolled  shapes  that  must  be  subjected  to  repeated  and  vio- 
ent  shocks.  Silicon-zirconium  is  preferred  for  removing  objectionable  gases 
and  nonmetallic  imprurities  in  the  finer  alloy  steels. 

Although  it  seems  to  be  generally  agreed  that  zirconium  gives  to 
alloyed  metals  increased  tensile  strength,  tougliness,  and  some  degree  of 
malleability,  accurate  information  concerning  the  properties  of  zirconium 
alloys  is  rather  meager,  and  conflicting  opinions  are  expressed  in  published 
statements  in  the  literature.  Until  very  recently  the  claim  was  made  that 
zirconium  did  not  alloy  with  iron,  but  now  f erro-zirconiumi,  zlrconium-ferro- 
sil icon,  and  silicon-zirconium  are  on  the  market  and  are  strongly  recommended 
for  use  in  steel,  as  well  as  in  nickel  alloys.  Zirconium  does  not  alloy  with 
tin,  lead,  or  metals  of  the  alkali  or  alkaline-earth  groups.  Cobalt,  aluminum, 
and  magnesium  alloys  have  been  placed  on  the  market,  and  silver  alloys  have  been 
prepared. 

The  following  summary  of  the  value  of  zirconium  in  steel  is  from  the 
catalog  of  the  manufacturer  of  zirconium  alloys 

When  added  to  steel,  zirconium  performs  three  important  functions. 

By  its  powerful  deoxidizing'  action  it  vigorously  reduces  m.6tallic  oxides 
and  scavenges  nonmetallic  inclusions,  but  it  does  not  tend  to  remain  In 
the  steel  in  the  form  of  an  oxide,  as  does  al'’cmin\mn.  By  reason  of  the 
cleansing  it  thus  receives,  the  steel  becomes  homogeneous  both  as  to 
composition  and  structure.  Secondly'’,  zirconium  combines  chemically  with 
nitrogen  dissolved  in  the  steel,  forming  a  nitride  of  which  by  far  the 
greater  part  enters  the  slag;  the  few  nitiide  crystals  remaining  in  the 
steel  are  too  minute  to  have  any  effect  on  its  mechanical  properties. 
Finally,  zirconium  combines  chemically  with  sulphur  abstracted  from  the 
iron,  the  res'olting  sulphide  being  malleable  like  that  of  manganese; 
m.oreover  the  hot-shortness  of  high-sulphur  steel  can  be  diminished 
through  the  agency  of  zirconium  to  a  degree  not  attainable  by  manganese, 
but  lor  economic  reasons  it  is  not  suggested  that  zirconium  should  dis¬ 
place  manganese  entirely  in  the  treatment  of  high-sulphur  steels, 

A  zirconium-treated  canbon  steel  is  therefore  characterized  by: 
freedom  from  inclusions',  which  would  act  as  nuclei  for  shock  and  fatigue 
failures;  uniformity  of  grain,  which  assists  in  the  effectiveness  of  heat 
treatment;  excellent  hot-working  properties;  and,  when  suitably  heat- 
treated,  tensile  properties  closely  approaching  those  of  special  alloy 
steels,  ductility  being  especially  favored  by  zirconium  treatment, 

24  -  Electro-Metallvirgical  Sales  Corporation,  Carbide  and.  Carbon  Bldg.,  30 
East  42d  Street,  Hew  York,  H.  Y. 
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The  alloy  eenerally  used  ie  r:irconiuir— f  errosil icon,  77hich  conted  ns 
13  or  14  per  cent  of  zd  rconimi  aiid  45  per  cent^,^silicon,  and  vrhich  costs  (Jan,, 
lS3l)  $103.50  a  ^rross  ton  in  cerloaa  quantities,  where  a  large  excess  pf 
silicon  would  he  undesirable,  sil  icon-z:ircc.niu!r,  containing  35  to  40  per  cent 
01  ?:irconiuir,  is  used.  Its  cost,  however,  is  (Jan.,  1S31)  16  cents  a  pound. 

” Cooperite”  is  the  name  given  to  a  patented  zirconium-nickel  alloy 
for  use  in  the  manufacture  of  edge  tools  of  al.l  kinds,  especially  machine  tools 
.•for  milling,  cutters  and  cast  tools  lor  lathe  rncL  plane.  »/hen  the  alio/  con- 
"talns  2  to  10  per  cent  of  zirconium,  the  remainder  being  nicmel,  it  is  suitable 
■for  knives,  razors,  and  like  articles,  wnich  leraa-in  bright  and  clean  under  the 
action  of  acids  such  as  that  of  the  lemon.  Since  it  can  be  woriced  at  a  red 
heat,  it  is  applicable  for  electrical  toasters,  irons,  and  other  domestic 
utensils.  When  the  alloy  contains  25  to  30  per  cent  of  zirconium,  it  is 
suitable  for  high-speed  catting  tools,  tho'ugh  some  other  metal,  such  as 
molybdenum,  is  sometimes  added  to  ircreage  the  melting  point  or  the  hardness.- 
of  the  metal.  ' 

A  zirconi-t.-m-nickel  alloy  patented  by  Cooper  (composition;  Al,  8.36; 
Si,  3.80;  Zr,  6.84;  and  Hi,  81)  was  produced  as  follows: 

Sixty-six  pounds  of  nickel  oxide  and  36  poun&s  of  Brazilian 
zirkite  were  ground  to  pass  a  200-me&h  sieve  and  were  thoroughly 
mixed  with  32  pounds  of  200-m.esh  magnesie  or  ajuiiiina.  The  charge 
Was  ignited  with  rnagnesi'uni  ribbon.  'The  alloys  were  taoped  into 
molds,  rem.elted,  and  .f'ui'ther  p'urified  to  give  the  . desired  percent¬ 
age  composition.  ... 

.  "  *  ! 

ZIRCOHIUM-BEARING  MIIIERAI-S 

The  better-Jniown  zirconium-bearing  minerals  are  tabulated  by  Watson 
and  Hess  as  follows:^^ 


-25'-  Watson, 
Zircon; 


Thonaa,  a.-'d  Hess,  L.  ,  Properties,  Occurrence  and  Uses 

kin.  Sng.  World,  vol.  37,  July  6  bo  dec.  28,  1912,  p.  951* 


of 
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Mineral 

Composition 

inclosing  Rock 

ZrO?. 

Per  cent 

Oxide : 

Baddeleyite 

ZrOo 

Igneous  rocics  defi- 

100 

(Brazil ite ) 

cient  in  silica,  and 
in  gravels  aerived 
from  them 

Zirconates : 

"ZirKelite 

(Ca,Ee)0.2(Zr, Ti,Th)02 

Magnet ite-pyroxenite 

52.89 

( jacupirangite) 

Polymignite 
Silicates : 

5RTi02.5Zr02.R(Cb, Ta)20g 

Elaeolite  syenite 

29.71 

Zircon 

ZrSiO. 

Variable,  described 

67.2 

below 

Cyrtolite 

Some  cyrtolite  is  probably 

Granite,  pegmatite 

66.93 

hydrated  zircon 

Cataioleiite 

H2(Eap,Ca)(Zr(0H)2)  (Si0r^)3 

Elaeolite  syenite 

28.8 

Elpidite 

H0Na2ZrSi6Oi8 

Elaeolite  syenite  (?) 

20.48 

Eudialyte 

(Eucolite) 

^^3^  ^ 6 '  ^20^52 

Elaeolite  syenite 

16.88 

Hainite 

Related  to  lavenite,  wohle- 

Phonolite 

Unknown 

rite,  etc. 

Hjortdahlite 

4Ca( Si , Zr ) 0^. Na2Zr02Fp 
(Na^,  Ca2,Mn2, Zr7( ( Si,  2r) 63)2 

Elaeolite  syenite 

21.48 

Lavenite 

Elaeolite-  or  augite 

31.65 

syenite 

Lorenzenite 

Ra2Si2(Ti, Zr)20g 

Pegmatite 

11.92 

Rosenbus chite 

Ra2Ca3((Si,Zr. 11)03). 

Elaeolite  syenite 

20.10 

(Zircon 

pectolith) 

Wohlerite 

( Na2 ,  Ca)  (  Si ,  Zr )  C^.  RCbgOg 

Zircon  syenite 

22.72 

The  orthosilicate  zircon  and  the  oxide  haddeleyite  are  practically 
the  only  zirconiriir  minerals  of  coinrercial  importance,  hut  certain  of  the  others, 
notably  eudialy.te  and  the  altered  zircons,  alvite,  cyrtolite,  and  iralacon,  have 
recently  become  of  scientific  interest,  in  that  they  have  been  proved  to  be 
among  the  richer  hafnium-bearing  minerals. 

Zircon 


Zircon,  the  most  widely  distributed  and  the  roost  abundant  zirconium 
mineral,  is  an  orthosilicate,  having  the  formula  ZrSiO^,  and  containing  (when 
pure)  67.2  per  cent  of  zirconia  and  32.8  per  cent  of  silica.  Frequently  iron 
is  present  in  small  quantities.  Zircon  occurs  in  crystals  and  in  forirdess 
grains.  The  crystals  are  tetragonal,  comironly  in  square  prisms,  sometimes 
elongated,  having  pyram.idal  terminations.  The  crystals  sometimes  show  genic- 
ulated  twinning.  Large  perfect  crystals  are  rare  and,  when  found,  are  classed 
as  gems. 
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Zircon  is  harder  than  quartz  (hardness*  7.5)  and  fairly  heavy  (sp, 
gr.  4.7).  The  ffiolec-ilar  wsight  is  183,  and  the  molecular  volume  is  38.7.  It 
is  infusible,  and  it  is  insoluble  in  most  acids  but  is  attaCiCed  when  in 
powdered  form  by  concentrated  sul.phuric  acid.  It  is  brittle,  has  imperfect 
cleavage,  conchoida.1  fracture,  and  adamantine  luster.  It  is  generally  opaoue, 
and  the  color  is  usually  some  shade  of  brown,  although  it  may  be  clear  yellow, 
gray,  green,  red,  or  some  other  color,  or  (rarely)  colorless. 

Iviode  of  Occurrence 

Zircon  occurs  (l)  as  a  product  of  magmatic  segregation,  (2)  in  peg¬ 
matite  dikes,  (3)  occasionally  as  a  product  of  contact  metamorphism,  and  (4) 
as  a  product  of  dynamo-regional  metamorphism. Classes  1  and  2  constitute 
the  principal  sources. 

As  an  accessory  constitutent,  zircon  is  found  in  nearly  all  classes 
of  plutonic  and  volcanic  rocks.  It  is  a  very  common  constituent  of  granites 
and  syenites  and  occurs  in  some  diorites  and  gabbros  (among  plutonic  igneous 
rocics)  and  in  quartz-porphyry,  trachyte,  phonolite,  tephrite,  dolerite,  dia¬ 
base,  and  basalt  (among  volcanic  igneous  rocks). 

Zircon  is  a  frequent  associate  in  beds  of  sand  and  gravel,  and  hence 
it  is  found  in  various  sedimentary  rocKs,  including  even  limiestones.  On 
account  of  its  density,  it  is  one  of  the  niinera.ls  left  behind  by  transporting 
agencies;  so  that  it  is  a  natural  concentrate  in  river  and  sea  sands  and 
gravel.  Its  high  degree  of  hardness  enables  it  to  resist  wear  as  it  is  being 
carried  by  running  water,  and  its  great  durability  enables  it  to  resist 
weathering. 

Zircon,  occurring  in  almost  all  classes  of  met amorphic  crystal] ine 
rocks,  is  found  especially  in  gneisses  rich  in  feldspar  that  are  of  probable 
igneous  origin  and  also  in  different  types  of  crystalline  schists,  particular¬ 
ly  the  hornblendic,  chloritic,  and  micaceous  groups.  It  is  usually  found  also 
in  quartzites. 

Zircon  has  been  noted  as  an  accessory  mineral  in  iron-ore  deposits, 
particularly  magnetite  deposits. 

Identification 

According  to  Zealley,27 

♦♦♦♦♦zircon  is  easily  recognized  by  its  physical  properties  and 
by  the  following  simple  blowpipe  test:  Fusing  the  pov/dcred  mineral 
with  sodi'om  carbonate,  dissolving  the  melt  in  dilute  hydrochloric 
acid,  and  adding  turmeric  paper.  The  presence  of  zirconia  is  re¬ 
vealed  by  the  paper's  turning  to  an  orange  color. 

26  -  Watson,  Thomas  L.  ,  and  Hess,  Frank  L. ,  Work  cited,  p.  952. 

27  -  Zealley,  A.  E.  V,,  Zirconium  Cre:  Eept.  Hhodesian  Hesources  Committee, 

1921,  Bulawayo,  1S21,  p.  130. 
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Baddeleyite 

Baddeleyite,  much  le?s  ividely  distributed  than  zircon,  is  the  di¬ 
oxide  of  zircorium  (Zr02).  This  mineral  has  been  found  in  quantity  in  Brazil 
only;  however,  it  has  been  identified  in  Geylon,  S'ned.en,  Italy,  and  Montana. 

In  fibrous,  botryoidal,  or  colum-nar  forms,  the  oxide  is  termed  "brazilite," 
whereas  the  name  "baddelevite"  refers  to  the  mineral  when  it  occurs  in  distinct 
crystals.  Jacupirangite  is  the  name  applied  to  a  crystalline  variety  of 
baddeleyite,  named  from  Jacupirangi  (or  Jacupiranga) ,  Brazil.  Baddeleyite  is 
not  quite  so  hard  as  zircon  (hardness,  6.5)  but  is  heavier  (specific  gravity 
5.5  to  6.0).  The  crystals  are  colorless,  yellow,  brown,  or  black, 

ZIBCONIUM  OEES 


AS  previously  noted,  zircon  and  baddeleyite  are  the  only  zirconi;am- 
bearing  minerals  occurring  in  sui'ficient  abundance  to  form  ore  deposits.  'The 
following  table  is  a  convenient  classification  of  commercial  m.inerals. 


Comn.ercial  classification  of  zirconium  ores^ 

.  .  Name 

Formula 

Per  cent  ZrOp 

Baddeleyite  (distinct  crystals) 

Brazilite 

Zircon 

Zirconia  ore:  1.  Favas  (alluvial  pebbles) 

Zr02 

Zr02 

Zr02. Si02 

Zr02 

96.5-98.9 

71.93 

67 

59-92.4 

(Brazilite 

(Zircon 

2.  "Zirkite"  (Unnamed 

(mixture)  (Zr  silicate 

(Orvillite  (?) 

Zr02 

ZrC2 .  ^2 

71.93 

67 

1  Lee,  0.  Ivan,  The  Mineralogy  of  Hafnium:  Chem.  Hev. ,  vol.  5,  No.  19,  Am. 


Chem.  Soc.,  1928,  p.  18. 

In  the  trade,  the  nam.e  "baddeleyite"  seems  to  be  confined  to  the 
variety  in  distinct  crystals  and  the  name  "brazilite"  to  the  fibrous,  botryoidal, 
or  col-umnar  form.  The  trade  name  "Zirkite"  is  applied  to  a  mixture  of  baddeleyite 
or  brazilite,  zircon,  and  a  supposed  new  and  unnamed  silicate  of  zirconium. 

Zirkite  contains  from  7C  to  94  per  cent  of  zirconium  oxide.  The  followi^ 
variations  in  the  analyses  of  commercial  ores  were  reported  by  Schaller:^ 

28  -  Schaller,  Waldemar  T. ,  Zirconium  and  Rare-Earth  Minerals:  Mineral 

Resources  of  the  United  States,  1916,  pt.  2,  U.  S.  Geol.  Survey,  1919, 
p.  377. 


( 
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Analyses  of  r.ir'vite 


1  1 

2 

r- 

0 

T~ 

5 

6 

7 

8 

9 

10 

11 

Zr02 

93.18 

81.75 

86.57 

85.93 

82.00 

85.01 

71.83 

94.12 

88.40 

74.48 

63.  83 

Si02 

1.S4 

15.49 

2.50 

9.35 

11.38 

9.63 

25.31 

cj .  4i 

5.89 

14.08 

26.30 

TiCg 

•  .69 

.50 

1.43 

1.84 

.36 

1.52 

.63 

.98 

3.12 

1.35 

.60 

^^2^3 

'2.76 

1.C6 

5.29 

1.93 

2.08 

3.57 

.43 

3.22 

4.07 

10.26 

3.59 

AI0O2 

.64 

.85 

1.00 

.36 

.62 

— 

.15 

MnO 

'Trace 

Trace 

Hj) 

.47 

.63 

C/  •  00 

1.56 

3.35 

— 

1.56 

— 

— 

— 

.80 

99.68 

100.23 

100.11 

IOC.  97 

yS .  79 

100.73 

1101.48 

100.17 

100.22 

1.  Slate-gray  fava  (v/aterworn  pebble  reseoibling  a  bean).  Specific 

gravity  5.245. 

2.  Light-brown  fava.  Specific  gravity  4,850. 

3-6.  Hard  lu-np  ore. 

7.  Gray  porous  ore. 

8,  Glassy  variety. 

8.  Stony  variety. 

10.  Pebbles. 

11.  Conmercial  variety. 


Analyses  of  baddeleyite 


1 

2 

3 

1 

2 

3 

Zr02 

97.19 

98.90 

96.52 

MnO 

Trace 

— 

Si02 

.48 

,19 

.70 

MgO 

— 

— 

.10 

Ti02 

.48 

— 

— 

Alkalies 

— 

— 

.42 

^^2^3 

.82 

.82 

.41 

H^C 

.38 

.28 

.59 

Al^O^ 

.40 

.43 

CaO 

—  — 

.06 

.55 

i 

9S.85 

100.25 

99.52 

1.  Botryoidal,  from  Brazil.  Specific  gravity  5.533. 
,2.  Froir  Ceylon.  Specific  gravity  5.72  to  5.025. 

3.  Frcrn  Jacupirangi,  Brazil.  Specific  gravity  5.006. 


GECGRAPHICilL  OCC'JPnSHCZS 

Zirconiun  minerals  are  widely  distributed,  but  commercial  deposits 

are,  few. 


In  the  United  States , deposits  of  beach  sands  have  been  woriced,  mostly 
in  conjimction  with  monasite  and  titanium  (ilmenite),  the  only  one  reporting 
commercial  production  being  that  at  Mineral  City,  Jacksonville  Beach  (formerly 
Pablo  Beach),  where  Buckman  &  Pritchard,  Inc.  (later  a  subsidiary  of  the 
National  Lead  Co.)  operated  from  1918  to  1929.  More  or  less  extensive  deposits 
of  such  sands  are  reported  to  exist  elsewhere  alor.g  the  Atlantic  coast;  and  in 
the  blacx  sands  found  along  the  Pacific  coast  (principally  in  northwestern 
California,  in  Oregon,  and  in  Washington)  zircon  ranics  fifth  in  order  of  fre¬ 
quency  among  the  more  than  37  minerals  identified  therein. 
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The  only  other  deposit  in  the  United  States  that  has  been  systemati--- 
cally  mined  is  one  of  zircon  (in  pegmatite  and  pegirati zed  gneiss)  in  Henderson 
Coimty,  11.  C.  ,  near  Tuxedo  (formerly  Zirconia),  where  mining  began  on  a  very 
small  scale  as.,  early  as  1869;  no  recorded  shipn;ent,  however,  was  made  until 
1888.  Intermittent  production  continued  UTxtil  1911,  was  renewed  in  1902,  and 
probably  continued  until  1916,  although  accurate  figures  are  not  available 
with  respect  to  output. 

-  Deposits  of  zircon  (in  sandstone)  at  Ashland,  Va. ,  and  (in  pegmatite) 
at  Anderson,  S.  C. ,  have  been  mentioned  as  promising  sources  of  the  mineral. 

Most  of  the  world’s  production  of  zirconiuni-bearing  minerals,  how¬ 
ever,  has  come  from  Brazil,  where  the  only  xnown  commercia,!  aeposit  of 
baddeleyite  (the  native  oxide)  exists,  in  the  States  of  Sa-O  BaxiLo  and  Minas 
Geraes,  in  the  so-called  "  Cal das  Hegion."  Brazi]  has  important  deposits  of 
zircon  (the  silicate)  also,  in  the  States  of  Bania,  Espirito  Santo,  and  Rio 
Janeiro,  where  zircon  is  associated  w'ith  the  monazite. 

Another  important  source  of  zirconium  is  the  beach- sand  deposit  in 
the  Travancore  State,  India,  at  the  extreme  end  of  the  Hindustan  Peninsula. 

Woricable  deposits  exist  also  in  Madagascar,  in  the  vicinity  of 
Beforona  and  west  of  Fianarantsoa,  from  which  regular  production  has  been 
reported,  in  relatively  small  amo\ants,  however. 

MIKING  AIJD  CONCENTRATION 

Because  of  the  hardness  of  the  ore,  the  primitive  methods  of  the 
emery  miners  of  Naxos  v/ere  used  in  the  deposits  of  the  Caldas  region  (States 
of  Minas  Geraes  and  Sao  Paulo,  Brazil)  in  1916,  according  to  Meyer. 29  a  fire 
was  built  against  the  exposed  face  of  the  ore  and  i^ept  burnirg  for  several 
hours,  and  then  v/ater  was  thrown  upon  the  ore  to  produce  fracturing  of  the 
mass.  According  to  Cameron, 20  however,  dynamite  is  now  beirg'  used.  In  some 
of  the  deposits,  the  ore  occurs  as  lumips  and  granules  in  a  reddish  clay  matrix 
and  is  mired  by  open-cut  methods.  The  clay,  which  readily  dries  when  exposed 
to  the  tropical  sian,  can  be  separated  from  the  zirconia  by  a  coarse  gcreen.^^ 
From  these  deposits  the  ore  is  carried  about  20  kilometers  by  carts,  1-oaded  on 
railway  cars,  and  shipped  a  distance  of  about  230  males.  The  beach  deposits, 
especially  those  near  Victoria  (State  of  Espirito  Santo),  mined  as  a  by-product 
of  the  monazite  industry,  are  surface-mined  or  quasi  surface-mined,  there  be¬ 
ing  an  overburden  of  approximately  2  m.eters  of  ordinary  quartz  sand  and  under¬ 
lying  layers  of  ilmxenite,  zircon,  and  m.onazite  in  the  proportions  of  35  :  25  5 
18,  respectively.  Electromagnetic  separators  extract  first  the  ilmenite,  then 
the  zircon,  and  finall.y  the  monazite. *^2 

29  -  Meyer,  H.  C. ,  Brazilian  Zirkite  Deposits:  Monthly  Prices  for  November, 

Foote  Mineral  Co.,  1916,  pp.  29-31;  Schaller,  Waldemar  T. ,  Zirconium  and 
Rare-Earth  Minerals:  Reprint  from  Mineral  Foote-Notes,  vol.  2,  No,  3, 
Foote  Mineral  Co.  (Inc.),  Philadelphia,  Pa.,  Mar.,  1918,  pp.  6-8. 

30  -  Cameron,  C.  R. ,  American  consul  general,  Sao  Paulo,  Brazil;  Trade  letter. 

May  28,  1930,  Bur.  For.  and  Dorn.  Com,  file. 

31  -  Meyer,  H.  C. ,  Vn'ork  cited,  p.  6. 

32  -  Cameron,  Q.  R. ,  Work  cited. 
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In  the  Florida  beach  deposits,  the  sand  was  loaded  into  trucks  for 
transportation  to  the  iT.ill  or,  over  part  of  the  teach,  was  transported  over  a 
narrow-gage  traipway.  An  attempt  to  mine  by  dredging;  was  not  successful,  be¬ 
cause  the  rich  concentrates  do  not  extend  below  v;ater  level. 

In  the  concentration  of  zircon  or  rronazifce  sand,  the  sand  is  usually 
passed  over  magnetic  separators.  According  to  Majrtens,^^  the  Florida  beach 
sands,  worked  by  Buckman  and  Pritchard  (Inc.),  were  treated  first  on  shaking 
tables  in  a  wet  mill.  'The  table  concentrates  contained  about  20  per  cent 
zircon,  together  v'ith  ilmenite  (55  per  cent),  rutile  (6  per  cent),  monazite 
(2  per  cent),  various  heavy  green  silicates  (14  per  cent),  and  a  little  quartz 
(3  per  cent).  Pry  magnetic  treatment  removed  first  the  ilm^enite  and  also  the 
so-called  "greenspar"  (miostly  staurolite  and  epidote),  together  with  most  of 
the  monazite,  leaving  tailings  consisting  principally  of  zircon  and  rutile. 
These  tailings  were  run  over  a  wet  table  to  eliminate  some  still  remaining 
quartz  and  silicate  minerals,  and  the  zircon  and  rutile  were  separated  on  an 
electrostatic  machine. 


PIU5FAEATI0N  OF  THE  OXIDE 

The  oxide  is  commercially  the  most  important  of  the  various  com¬ 
pounds  of  zirconium.  For  a  complete  discussion  of  the  other  compounds  the 
reader  is  referred  to  the  woric  of  Venable, from  which  the  following  quota¬ 
tion  concerning  zirconia  (Zr02)  is  taxen: 

Preparation  of  oxide  from,  or  purification  of,  native  zirconia.-  For 
many  purposes  native  zirconia  can  be  used  without  further  treatment. 

Such  uses,  for  instance,  are  as  a  refractory  and  for  furnace  linings. 
However,  for  the  preparation  of  enamels,  salts,  and  for  other  uses  re¬ 
quiring  purity  of  materials  the  impurities  must  be  separated.  By 
fusion  with  an  alxali  hydrogen  sulphate  and  leaching  with  water 
acidulated  with  sulphuric  acid,  a  solution  of  the  s\ilphate  is  obtained. 
Much  of  the  iron  uresent  may  be  removed  by  using  a  smiall  amount  of 
water  for  the  first  washing  and  rejecting  this.  The  solution  of  the 
sulphate  vields  the  hydroxiae  on  the  addition  of  ammonia  solution. 

This  is  dissolved  in  dilute  hydrochloric  acid  and  the  ^'irconyl 
chloride  purified  by  recrystallization  from  concentrated  hydrochloric 
acid.  On  ignition  of  the  chloride  zirconia  is  left,  but  small  amounts 
of  chlorine  are  persistently  retained. 

A  more  economical  method  has  been  patented  for  large-scale  produc¬ 
tion.  The  ore  is  heated  with  excess  of  lime  and  an  amount  of  caroon 
insufficient  for  the  reduction  of  the  lime.  Calcium  carbide  may  be 
used  in  the  place  of  the  carbon.  The  product  is  treated  with  hydro¬ 
chloric  acid,  the  silica  removed,  and  the  zi rconyl  chloride  then 
purified. 

33  -  Martens,  H.  C. ,  Beach  Deposits  of  Ilmenite,  Zircon  and  Rutile  in  Florida: 

Nineteenth  Ann.  Rept.,  Florida  State  Geol.  Siorvey,  1926-27,  The  State 
Geological  Siirvey,  1928,  pp.  136-140. 

34  -  Venable,  Francis  P.  ,  Worx  cited,  pp.  36-37. 
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Preparation  of  zircoria  from  ?!ircons.--  The  most  direct  method  is 
“by  subjecting  povdered  zircons  to  the  high  temperature  of  the  electric 
furnace.  The  silica  and  oxides  of  iron  ard  certain  other  metals  are 
volatilized,  and  the  zircoria  is  left  in  quite  a  piire  condition. 

Ar.other  coirmercial  method  for  the  preparation  of  zirconia  in  a  re¬ 
latively  pure  state  from  the  native  oxide  is  suggested  by  Bradford:^^ 

1.  Fusion  of  the  finely  powdered  ore  with  niter  catce  (low 
in  iron). 


2.  Leaching  of  the  mass  and  separation  of  the  silica  by 
filtering  through  asbestos  ma.t  or  other  suitable  medium. 

3.  Precipitation  of  zirconia  by  commercial  sodium  thiosul¬ 
phate  after  nearly  neutralizing  the  solution  with  sodic  carbon¬ 
ate  and  precipitating  at  the  boiling  point. 

4.  Filtration  of  the  precipitate,  thoroughly  washing  in  a 
small  filter  press  to  remove  the  solution  containing  all  the 
iron  salts. 

5.  Ignition  of  the  predried  calces  in  the  fire— clay  pots. 

B/  this  method,  which  could  be  utilized  in  nitric  acid  works,  an 
oxide  could  be  produced  containing  only  titania  and  a  little  alumina  (which 
would  not  be  harmful  for  mo&t  purposes)  and  a  trace  of  iron. 

Hopiins^^  discusses  the  extraction  (by  chemical  treatment)  of 
zirconium,  mater. i'al  from  zircon  and  from  baddeleyite,  as  follov/s: 

From  zircon,  extroution  may  be  made  by  several  methods: 

(1)  fus  ion  T/ith  acid  potassium  fluoride  and  extraction  with  hot 
water;  potassium  fluozirconate  crystallizes  on  cooling;  (s) 
fusion  with  potassium  bisulphate  and  extraction  with  dilute 
boiling  sulphuric  acid;  the  basic  sulphate  is  left  undissolved; 

(3)  heating  with-  NaOH  and  ITaF  and  extracting  with  water;  the 
sparingly  soluble  sodium  sirconate  is  dissolved  in  FCl,  and  on 
evaporation  ZrOCl2  separates;  (4)  fusion  with  NagCO^  and  ex¬ 
tracting  with  water.  The  zirconate  is  dissolved  in  HCl  or 


35  -  Bradford,  Leopold,  Zirconia.;  Its  Possibilities  in  Metallurgy:  Uf.riBval 

Foote-Notes,  vol.  2,  iio.  7,  Foote  Mineral  Co,,  July-Aug. ,  1918,  p. 

36  -  Kopicins,  B.  Smith,  Chemistry  of  the  Rarer  Elements:  D.  C.  Heath  &  Co./ 

New  York,  1923,  pp,  150-151. 
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The  preiDerai. ion  cf  zlrconi'ui^  material  from  haddel ey ite  •as'ua.lly 
consists  in  the  removal  of  iron,  silica,  and  less  commonly  titanium. 

Fe202  is  present  in  amounts  varying  from  0.82  per  cent  to  10.26  per 
cent,  silica  0.19  to  26.30,  and  titania  from  a  trace  to  3.12  per  cent. 

The  method  of  treatment  depends  upon  the  purity  desired  in  the  pro¬ 
duct.  (l)  Boiling  with  strong  ECl  or  H2SO4  removes  m.ost  of  the  iron 
and  titanium;  ignition  with  EP  and  HgSO.  removes  the  silica.  (2) 

Eor  a  product  free  from  impm-ities,  it  is  recouarended  that  the  ore 
he  fused  with  HagCO^  and  ha2B^0r^.  The  melt  is  extracted  with  water 
and  the  zirconium  salt  crystallized  out.  (3)  Fu.sion  with  NaOH  in  an 
iron  crucible,  followed  hy  extraction  with  water  and  HCl,  then  pre¬ 
cipitation  of  basic  zirconium  sulphate  yield  a  pure  product.  (4) 

Fusion  with  BaCOg  at  1400^  for  two  hours  gives  barium  zirconate, 
which  may  be  dissolved  in  HCl  and  the  solution  evaporated  to  remove 
silica.  Dissolve  the  zirconiun  in  acid  and  allow  ZrOCls  to  crys¬ 
tallize.  (5)  By  heating  the  ore  in  the  electric  arc  with  carbon  the 
nonvolatile  zirconium  carbide  is  formed  and  Is  easily  separated  from 
the  volatile  silicon  carbide.  Aqua  regia  is  used  to  dissolve  the 
ZrC.  (6)  A  method  recommended  for  the  large-scale  purification 
of  zirkite  consists  in  mixing  the  ore  with  sufficient  carbon  to  form 
silicon  carbide,  then  heating  in  an  arc  furnace  to  a  temperatTore 
above  2^20°.  This  removes  90-95  per  cent  of  the  silicon,  but  no 
iron.  Next  the  material  is  heated  in  the  presence  of  chlorine  or 
phosgene  to  remove  iron. 

As  the  zirconium  compounds  prepared  directly  from  the  ores  invariably 
contain  impurities  (especially  iron),  further  purification  is  necessary. 
Hopkins^'^  presents  the  following  methods: 

1.  Seuaration  of  iron  end  zirconium.  — (l )  Na2S203,  added  to  a 
boiling  hot  solution  of  zirconium  sal t  which  contains  a  little  free 
acid,  precipitates  zirconia,  thoria,  and  titania,  but  iron,  alumi¬ 
num,  and  the  rare  earths  are  not  precipitated.  (2)  (NH4)2S  in  the 
presence  of  teirtaric  acid  precipitates  iron  but  not  zirconium.  (3) 

Ether  extracts  FeCl^  from  a  solution  contcjci/ig  HCl.  but  not  ZrCl^. 

(4)  Repeated  crystaIliza,tions  of  the  0x3  uhlori'ics  will  seuarate  iron 
and  zirconium.  (5)  Vaporization  of  FeClg  at  2C'j°  C.  (6)  Phenyl 
hydrazine  and  sulphurous  acid  precipitate  zirconium  but  not  iron. 

2.  Se-paration  of  titanium  and  zirconium. —Zirconium  may  be 
separated  from,  titanium  by  (l)  boiling  with  dilute  sulphuric  and 
acetic  acids,  titanium  being  precipitated;  (2)  reducing  titanium 
to  the  trivalent  condition  and  precipitating  potassium  zirconium 
sulphate;  (3)  precipitating  basic  zirconium  phosphate  with  hydro¬ 
gen  peroxide  and  sodium  phosphate. 


37  -  Hopkins,  B.  Smith,  vfork  cited,  up.  151-152. 
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of^  zirconia^  ica.>*«^irconia  may  be  separat¬ 

ed  qiiantitatively  from  silica  by  fusion  with  Na.5C02t  extract  the 
melt  with  water,  filter,  evaporate  with  nitric  acid,  dehydrate  the 
silica,  and  expel  it  with  HF'  and,  H2SO4. 

f*  Seiaaration  of  zirconium  from  titanium  and  tin.  — ritanium 
and  tin  may  be  removed  from  yirconium  by  fusion  with  large  excess 
of  KHSO4;  dissolve  in  water  end  nitric  acid,  and  ignite  the  Sn02 
residue.  CarefifLly  neutralize  the  solution  and  precipitate  the 
zirconium  with  HgOp  and  from  the  filtrate  precipitate  the  titanium 
with  IJH^OE. 

1 

PESPidUIION  OF  IHE  MEiViL 

38 

fhe  preparation  of  pure  ductile  zirconium  is  described  by  De  Boer 
and  summarized  in  Industrial  Chemistry  and  Engineering,  as  follows: 

There  are  three  ways  in  which  zirconium  powder  can  be  pro¬ 
duced:  (1)  By  the  reduction  of  zirconium  oxide  with  calcium^  (2) 

by  the  reduction  of  zirconium  tetrachloride  with  sodium;  and  (S) 
by  the  reduction  of  potassium  fluozirconate  with  potassiimi  or 
sodi'um. 

De  Boer  claims  to  have  produced  very  pure  coherent  zircon¬ 
ium.  by  depositing  it  on  a  heated  tungsten  filament.  The  zir¬ 
conium  powder  prepared  by  one  of  the  methods  listed  above  is 
placed  in  an  evacuated  flas’c  with  a  small  amount  of  iodine.  At 
about  500®  C.  the  zirconium  and  iodine  combine  to  form  the  tetra- 
iodide,  which  vaporizes  to  the  filament  and  is  deposited  thereon 
by  thermal  dissociation. 

A  method  has  been  worxed  out  by  De  Boer  and  Van  Arkel  for  the  prepara¬ 
tion  of  pure  zirconium  and  pure  hafnium.®^ 

Methods  for  the  preparation  of  amorphous,  crystalline,  graphitic, 
and  sintered  or  coherent  (solid  m.etal)  zirconi\mn  are  discussed  in  Bulletin  186 
of  the  Bureau  of  Mines. The  authors  thereof  agree  with  Venable  (p.  3  of 
this  paper)  that  it  is  doubtful  whether  the  crystalline  and  graphitic  forms 
are  pure  metal . 


38  -  De  Boer,  J.  H. ,  Zirconium:  Ind.  Eng.  Chem. ,  vol.  19,  No.  11,  Am. 

Chem.  Soc.,  Nov.,  1927,  pp.  1256-1259, 

39  -  Tyler,  Paul  M. ,  Hafnium:'  Information  Circular,  U.  S.  Bureau  of  Mines, 

to  be  published. 

40  -  Marden,  J,  W.,  and  Rich,  M.  N, ,  Investigations  of  zirconium  with 

Especial  Reference  to  the  Metal  and  Oxide:  Bull.  186,  Bureau  of  Mines, 
1921,  pp.  35-37. 
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WORLD  PRODUCTION 


The  zirconium  industry  is  still  in  its  infancy,  and  little  informa¬ 
tion  is  available  regarding  tlie  annual  production  of  zirconiim  mineral s.  The 
workable  deposits  of  zircon  in  the  United  States  having  ceased  to  produce,  the 
output  is  confined  to  the  native  oxide,  zirkite,  mined  in  Brazil,  and  the 
zircon  produced  in  Travancore  (India),  Brazil,  and  ivladagascar . 


Because  of  the  incompleteness  of  available  production  figures,  no 
attempt  has  been  made  to  form\flate  a  comprehensive  world  table.  However,  one 
table  iq  introduced  to  show  the  output  in  the  United  States  and  Brazil  for 
the  years  1902  to  1919,  inclusive,  and  another  to  show  production  in  the  United 
States,  Brazil,  India,  and  Madagascar  for  the  years  1920  to  1929,  inclusive. 

Zirconi\tm  minerals  produced.  United  States 
and  Brazil,  1902-1 9.1 


United  States 

Brazil 

Year 

Q,uantity 

Value 

(Quantity 

Value 

(short  tons) 

(short  tons) 

1902. 

1 

$1,380 

12 

$3,947 

1903 

:■  '  1.5 

570 

7 

1,947 

1904 

0.5 

200 

9 

3,935 

1905 

4 

1,600 

18 

5,506 

1906 

0,5 

248 

26 

5,041 

ISO? 

(2) 

46 

38 

8,756 

1908 

— 

275 

15,151 

1909 

1 

250 

117 

11,838 

1910 

■ 

1  ?Pi 

1911 

1.6 

802 

45 

16,169 

1912 

— 

43 

14, 772 

1913 

- - 

1,119 

54, 767 

1914 

« — 

237 

14,903 

1915 

- - 

8 

2,915 

1916 

— 

104 

16,647  ^ 

1917 

- ■ 

532 

175,018  Milreis"^ 

1918 

— 

2,360 

507,019  Bo.  ^ 

1919 

— 

229 

$18,478 

y  Figures  of  production  for  the  United  States 
Mineral  Resources  of  the  United  States;  those  for  Br 
from  various  issues  of  Commercio  Exterior  do  Brazil, 
Estatistica. 


are  taken  from 
azil  are  taken 
Directoria  de 


^  Two  hundred  and  four  pounds. 

^  Figures  are  given  in  milreis,  as  the  rate  of  exchange  for 
the  year  was  not  available. 
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Zirconiuni  miner als  produced.  United  St  ate  s  ?. 
India,  and  Hada^ageart  1920~-10ci9 


Tear 

Uni  '=’fi 

'  - - — 

.bra 

l  / 

IndinCTrav 

a.ncozo  '2/ 

Madrae-'.aeAr  -S/?-  . 

Quantity 
( short 
t  ons) 

1 

J  ... 

'•  Value 

Quantity 
( short 
tons) 

i 

Value 

Quantity 
( short 
ton?) 

Value 

4,  Quantity 

Q( ffhort 
tons) 

1920 

— 

697 

$25,034 

— 

— - - 

1921 

1  "x  ■  'xri’T. 

1922 

-10 

■4/  $1,000 

366 

16,  S44 

, _ r _ .11—  ■■ 

X«j#  Ovw 

.746 

1923 

-"153 

15,300 

36 

083 

162.4 

£1,160 

27,593 

1924 

281 

4/  28,iC0 

842 

26,137 

408.8 

2,717 

60,21 

1925 

624 

^  62,400 

137 

4,142 

645.12 

4, 608 

4.191 

1926 

1,292 

■^^129,200 

12 

563 

595.3 

2,987 

.274 

1927 

3,846 

^364, 600 

285 

8, 313 

1,640.8 

8,129 

1926 

(5) 

(5) 

91-3 

-  51, 048 

957.5 

4,267 

— i.— 

1929 

— 

— 

1,187 

41,419 

- -  

- 

24,759 

1/  Figures  for  production  for  the  United  States  are  taken  from  various  issues 
of  Lineral  Hesourees  of  the  United  States;  those  for  J3razil  from  issues  of 
Commercio  Exterior  do  Brazil,  Directoria  de  Estatistioa. 

^  Figures  for  India  are  taken  from  records  of  the  Geological  Sui'vey  of  India. 
^  Figures  for  Madegaccar ,  which  are  the  same  as  the  export  figures,  are  taken 
from  Statistique  Miniere  Prod'octions  et  Exportations,  Colonie  de  Madagascar 
et  D^pendances,  Service  des  Mines.  Figures  of  value  are  not  availahle. 

^  Estimated  ty  the  Bui'eau  of  Mines. 

^  Bureau  of  Mines  not  at  liberty  to  publish  figures. 

DOMESTIC  PRODUCTION 

As  early  as  1869,  zirconium  minerals  were  mined  in  the  United  States 
to  the  extent  of  1,000  pounds;  and  in  1803  a  production  of  26  tons  was  reported. 
Thera  is  no  record  of  furthrcr  production  until  1902,  when  1  ton,  valued  at 
$380,  was  mired.  Although  the  mineral  was  known  to  exist  in  commercial  quanti¬ 
ties  in  Henderson  County,  N.  C,,  the  demand  was  too  small  to  encourage  any 
attempts  at  systematic  mining.  In  1903,  men  and  children,  for  a  certain  price 
per  pound,  were  waehing  zircon  crystals  (practicalij’’  100  per  cent  zircon)  out 
of  the  soil  or  kaolinized  gangue  or  hreralcing  them  from  the  harder  feldspar  in 
North  C.arolina.  From  1903  to  1911,  from  |  ten  to  4  tons  was  produced  each 
year  (with  the  exception  of  1908  and  1910),  all  in  Henderso-n  County,  N.  C. 

From. 1912  to  1919,  no  minerals  v/ore  reported  in  the  United  Statff:s,  hut  in  1922 
shout  10  tons  of  zircon  was  shipped  from  Florida.  Production  from^Florida  In- 
ereased  steadily  to  3,646  tons  in  1927,  and  shipments  continued  rrito  1928, 
although  the  Bureau  of  Mines  was  not  permitted  to  publish  the  figures.  In 
i^9,  the  plant  of  Buc?sma.n  and  Pritchard,  at  Mineral  City,  Fla.,  was  closed, 
and  subsequently  there  has  been  no  domestic  output  of  record,  although  late 
in  1930  a  small  production  from  a  new  source  v/as  contemplated. 

ii.:ports 

In  recent  years  the  zirconium  supply  of  the  United  States  has  been 
maiTily’  imported,  principally  from  Brasil  and  British  India,  Until  1918,  the 
‘exact  amount  of  imports  was  not  known,  as  the  negligible  amounts  of  zirconium 
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ores  that  entered  the  country,  being  not  separately  classified,  were  incl^oded 
with  monazite  send.  The  table,  which  follows,  indicates  Imports  fil‘om  July. 
1918,  to  1929,  inclusive. 


Zircon  lure  ores^  ing)  lurported  for 

consumption  in  the  United  State>s.  1913-1929 


'  !  Pounds 

Velue 

1918 — July  to  December  l/ 

1919 

1920 

1921 

1922  • 

1923 

1924 

1925 

1925 

1927 

1923 

1929 

. . . — — —  _ 

3,216,659 

11 , 023 

$77,250 

332 

f, 

.  13'!,016 

67,037 

•3,003 

4,072 

616,220 

4,878 

^  ■  4,488 

863,635 
2.639.120 

182  . 

9,788 

35.416 

1/  Hot  separately  classified  prior  to  July,  1918. 


1929 


Icroorts  of  zirconium  ores  and  zirconium,  alloys 
during  19294  by  countries  l/ 


Zirconium  ore 


Argentina  „ 

Brazil 

Canada 

Brance 

Germany 

Iridia-British 


Pounds 


433,440. 

1,008,000 


1.247.680 


2,689.120 


Ferrozirconium, 
zirconium. and  feProsilicon 


Value 


$  5,612 

13,050 


16.754 


35,416. .  _ _ ^ 

1/  From  records  of  the  Bureau  of  Foreign  and  Domestic  Commerce, 
compiled  by  J.  A.  Dorsey,  of  the  Bureau  of  Mines. 


Pounds 


20,221 

22,307 

4,520 


47,048 


VsQ.  ue 


$  2,022 
1,290 
1,176 


4,488 


MAEXSTS  AI^  PBICES 

« 

The  market  for  zirconium  ores  is  a  narrow  one,  and  published  quota-' 
tions  covering  a  period  of  years  are  not  available  for  tabulation. 

The  Foote  Mineral  Co.  (Inc.)  issues  a  price  list  covering  zlrklte 
(crude  zirconlun  oroide),  carrying  a  guaranteed  miniarom  of  65  to  70  per  cent  of 
ZrOg,  the  following  Analysis  being  typical: 
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Per  cent 


Zirconium  dioxide .  65.66 

Silica .  PI.  06 

'■Alumina.......;..'......  4.95' 

Titania,  ................  .92 

Iron  sesquioxide .  4.57 

Loss  on  ignition .  3.01 


In  1930,  this  company  quoted  $60  a  ton  for  pondered  zirkite,  either  coarse  or 
fine,  ground jnaterial  (95  per  cent  through  200  mesh)  being  sold  as  ” Zirkite  Ce¬ 
ment.'^  On  smaii  lots  higher  prices  were  charged  up  to  4^  cents  a  pound  on 
shipments  of  200  to  800  po'unds.  Lump  zirkite  is  25  per  cent  less  than  powdered 
zirkite,  hut  higher  prices  are  asked  for  air-floated  material,  99  per  cent 
through  200  mesh.  Zirkite  fire  brick,  75  to  80  per  cent  zirconium  content,  is 
quoted  by  the  same  company  at  $1.10  each  for  ordinary  straights,  wedges,  or 
arches. 

In  1929,  low-grade  (60  to  65  per  cent)  lump  ore  was  obtainable  at 
about  $35  to  $40  a  ton. 

Precipitated  zirconia  white  is  sold  by  the  Poote  Mineral  Co. ,  ■under 
the  trade  name  " Zirconalba, "  and  by  the  Titani^um  Alloy  Man^ufac tuning  Co.  as 
’’Tarn  Opax."  Zirconalba  No.  1  (minim^um  98  per  cent  zirconi^um  dioxide),  in  lots 
of  100  to  400  pounds,  was  quoted  in  1930  at  75  cents  a  pound.  Zirconalba  No.  2 
(minimum  80  to  85  per  cent  zirconium  dioxide)  was  offered  at  38  cents  a  pound, 
in  lots  of  500  to  2,000  pounds.  Tam  Opax  (zirconium  oxide  with  no  admixtures), 
according  to  a  price  list  dated  June  20,  1930,  in  500-pound  barrels,  was  priced 
at  30  cents  a  pound,  f.o.b.  Suspension  Bridge,  New  York.  Of  the  lower  grades 
of  zirconi^um  oxide  sold  by  the  Foote  Mineral  Co,,  Zirkosil  No.  1,  minimum  60 
per  cent  zirconium  dioxide  (ground  80  to  90  per  cent  thro^ugh  200  mesh),  in  20 
to  30  ton  lots,  was  quoted  in  1930  at  $80  a  ton;  Zirkosil  No.  2,  minimum  53  per 
cent  zirconium  dioxide  (ground  80  to  90  per  cent  through  200  mesh),  in  20  to 
30  ton  lots,  was  quoted  at  $70  a  ton. 

The  above-recorded  prices  are  more  or  less  in  line  with  those  of 
former  years.  In  1918,  imported  Brazilian  ores  were  quoted  at  $100  to  $140 
a  ton,  and  prepared  zirkite  varied  from  4^  to  7  cents  a  po^und  in  carload  lots. 
D'uring  1920  and  1921  prices  receded  to  between  $50  and  $90  for  ore,  and  the 
price  of  zirkite  bricKs  (standard  shapes)  dropped  to  45  to  70  cents  each.  Ore 
prices  have  subsequently  remained  at  $50  to  $60  (rarely  $30)  a  ton  for  high- 
grade  lump.  Prices  of  bricks  were  revised  upward,  beginning  about  1925. 

With  respect  to  the  oxide,  the  prices  in  former  years  varied  so  greatly 
from  year  to  year  and  from  grade  to  grade  that  comparisons  are  difficult.  Early 
in  1920,  the  p^ure  oxide  (99  per  cent  grade)  was  quoted  at  $1.10  to  $1.20, 
increasing  by  the"  end  of  1921  to  $1.25  a  pound  retail.  In  1922,  the  range  of 
price  was  from  75  cents  to  $1.25  for  99  per  cent  material,  but  by  1925  the 
minimum  price  had  become  the  maximum,  as  the  p'ure  oxide  was  selling  at  56  to 
75  cents  a  po^und,  which  latter  price  is  the  1930  price  for  the  98  per  cent 
Zirconalba,  referred  to  in  a  preceding  paragraph.  Prices  during  1926  and  1927 
were  as  low  as  35  cents  a  pound  for  what  was  termed  "p'urified  oxide." 

*  **  ■  ,  • 
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D-uring  1929  the  price  of  zirconiim  metal  dropped  from  $40  to  $12 
for  the  98  to  99  per  cent  grade  and  to  $3  for  the  90  to  95  per  cent  grade. 

High-grade  f errosirconiun,  powdered  or  crushed,  was  quoted  by  Foote 
Mineral  Co.  in  1930  at  $1.20,  in  200  to  300  pound  lots.  The  following  is  a 
t5rpical  analysis. 

Per  cent 


'  Zirconium .  71 

Titanium .  4 

Aluminum .  4.5 

Carbon .  4.5 

Manganese .  3.5 

Silicon .  12.5  - 


From  July  10,  1930,  the  Engineering  and  Mining  Journal  has  been 
quoting  prices  on  the  cheaper  alloys  as  follows:  Siliconzirconium  (47  to  52 
per  cent  silicon  and  35  to  40  per  cent  zirconium)  at  18  to  21  cents  a  pound; 
zirconium-f errosil icon  (l2  to  15  per  cent  zirconium  and  39  to  43  per  cent 
silicon)  at  $103.50  to  $108.50  a  gross  ton. 

LIST  OF  II^PORTEHS,  PRODUCERS,  Al®  DEAL.ERS 
United  States 


Abel  Brothers  &  Co.,  16  Maiden  Lane,  New  York,  N.  Y. 

M.  C.  Cadwallader,  1317  La  Veta  Terrace,  Los  Angeles,  Calif. 

Charlotte  Chemical  Laboratories,  Charlotte,  N.  C. 

(Successors  to  Oliver  Q,uartz  Go.) 

Crucible  Steel  Co.  of  America,  17  East  42d  St.,  New  York,  N.  Y. 

Foote  Mineral  Co.,  1609  Summer  St.,  Philadelphia,  Pa. 

General  Minerals  Corporation,  Suite  317-319,  Mather  Bldg.,  Washington,  D.C. 
Gordon  &  Rogers,  141  Broadway,  New  York,  N.  Y. 

The  Harshaw  Chemical  Co.  of  New  York,  150  Nassau  St. ,  New  York,  N.  Y. 
(Successors  to  The  Superfos  Co.,  Inc.) 

L.  Heller  &  Son  (inc.),  15  West  47th  St.  ,  New  York,  N.  Y. 

0.  Hemmel  Co.,  211  Fourth  Ave.,  Pittsburgh,  Pa. 

Philip  S.  Hoyt,  Las  Tablas,  N.  Mex. 

E.  J.  Lavino  &  Co.,  Bullitt  Bldg.,  Philadelphia,  Pa. 

Levere  Co.,  94  Canal  St.,  New  York,  N.  Y. 

Metal  &  Thermit  Coi*porat ion,  120  Broadway,  New  York,  N.  Y. 

Pennsylvania  Salt  Co,,  Juniper  and  Chestnut  Sts.,  Philadelphia,  Pa. 

Philipp  Bros,  (inc.),  Woolworth  Bldg.,  New  York,  N.  Y. 

August  Rassweiter,  159  North  State  St.  ,  Chicago,  Ill. 

E.  Schaaf  Regelman,  220  Broadway,  New  York,  N.  Y. 

Rogers,  Brown  &  Crocker  Bros.  (Inc.),  21  East  40th  St.,  New  York,  N.  Y. 

S.  R.  Scott  &  Co.,  39  Broadway,  New  York,  N.  Y. 

Suffern  4  Co.,  135  Broadway,  New  York,  N.  Y. 

M.  L.  Thomas,  Crown  Point  Chemical  Co.  (inc.),  Crown  Point,  N.  Y. 

Union  Carbide  &  Carbon  Corporation,  30  East  42d  St.  ,  New  York,  N.  Y. 
Varlacoid  Chemical  Co. ,  15  Moore  St. ,  New  York,  N.  Y. 

Welsbach  Co.,  Gloucester,  N.  J. 
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Foreign  Coux?.tries 


A,  J.  Byington,  Eua  Alvares  Penteado  4,  Sao  Paulo,  Brazil 
(owner  of  deposits). 

Algernon  Lewin  Curtis,  ?.  0.  61,  Westmoor  Laboratory,  Chatteris,  England. 

A.  C.  de  Freitas  A  Co. ,  Hamburg,  Germany. 

Elias  Goebel  &  Eon,  Epterode,  in  Hessen  Hassau,  Germany 
(manufacturers  of  crucibles  of  all  kinds). 

John  Gordon,  Hua  Vise.  Itaborahj’-  75,  Rio  de  Janeiro,  Brazil 
(owner  of  monazite-sand  deposits,  which  contain  zircon). 

W.  C.  Eeraeus,  Hanau,  Germany. 

Eopkin  db  Williams  (Ltd.),  16  Cross  St.,  Hatton  Garden,  London,  England. 

Mauricio  Isralson,  R.  General  Camara,  106  Sob,,  Rio  de  Janeiro,  Brazil. 

David  MeZnight,  Rua  Alamoda  Barros  38,  Sao  Paulo,  Brazil 
(owner  of  deposits). 

P.  S.  Nicholson  8a  Co.,  Caixa  91,  E.io  de  Janeiro,  Brazil. 

S.  A.  Casa  Nicholson,  Rua  Iheophilo  Ottoni  45,  Rio  de  Janeiro,  Brazil 
(owner  of  monazite-sand  deposits,  which  contain  zircon). 

Luiz  de  Rezende  &  Co.,  Rua  Ouidor,  Rio  de  Janeiro,  Brazil. 

Charles  Spitz,  Rio  de  Janeiro,  Brazil. 

Thorium  (Ltd, ) ,  Ilford,  Essex  County,  England 
(associated  with  Eopkin  and  Williams). 

We  serf  eld,  Dicke  &  Co. ,  Barmen,  Germany. 


LIST  OF  POSSIBLE  BITERS 


United  States 


Abel  Bros.  &  Co.  (Inc.),  16  Maiden  Lard,  New  York,  N,  Y. 

Jerome  Alexander,  50  East  dlst  St.,  New  York,  N.  Y. 

Elmer  &  Amend,  201-209  East  13th  St.,  New  York,  N,  Y. 

The  Exolon  Co.,  Commercial  Ave.  and  Erie  R.  _R. ,  Blasdell,  N.  Y, 
Foote  Mineral  Co.,  1609  Summer  St.,  Philadelphia,  Pa. 

The  Harshaw  Chemical  Co.  of  New  York,  150  Nassau  St.,  New  York,  . 

(Successors  to  the  &iaperfos  Co.,  Inc.) 

0.  Hommel  Co.,  209-211  Fourth  Ave.,  Pittsburgh,  Pa.  ^  (Buyer  of  ore.; 
Juergens  &  Anderson  Co.,  53  East  Washington  St.,  Chicago,  II  . 
Levere  Go.,  94  Canal  St.,  New  York,  N.  Y. 

A.  D.  Mackay,  26  Cortlandt  St.,  New  York,  N.  Y. 

F.  E.  Morse  Co.,  218  South  Wabash  Ave. ,  Chicago,  ^ 

National  Sales  Corporation,  31-35  East  13th  St.,  Cincinnat  ,  o. 
Norton  Co.,  Worcester,  Mass. 

Philipp  Bros.  (Inc.),  Woolworth  Bldg. ,  New  York,  N.  Y. 


41  - 


42  - 


ais  company  had^  contract  Concerning  monazite  sand  ®  ““ 

Government.  The  De  Freitas  properties  are  now  being  wonsed  by 

French  Societe  Miniere.  .  •  -u  s.  Pn 

Agent  for  the  Sooi^tC  Minl’ere.  a  Trench  company  in  which  Hezende  &  Co. 

is  said  to  be  interested. 
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The  Roessler  &  Hasslacher  Chemical  Co.,  10  East  40th  St.,  New  York,  N.  Y. 

Rogers  Brown  &  Crocker’ Bros,  (inc.),  21  East  40th  St.,  New  York,  N.  Y. 

Wm.  H.  Taggart,  17  South  Despiaines  St.,  Chicago,  Ill.  (Buyer  of  silicate.) 

Titanirai  Alloy  Manufacturing  , Co. ,  94  Fulton  St.,  New  York,  N.  Y. ;  6007 
Eiiclid  Ave. ,  Cleveland,  Ohio. 

Varlacoid  Chemical  Co.,  15  Moore  St,,  New  York,  N.  Y. 

Vitro  Co.,  928  Fulton  Bldg.,  Pittsburgh, .  Pa. 

Foreign  Countries 

Algernon  Lewin  Curtis,  P.  0.  61,  Westmoor  Laboratory,  Chatteris,  England. 

Deutsche  Gasgl^licht  Gesellschaft  (Auergesellschaft ),  Berlin,  Germany. 

Etablissements  G.  Devineau,  26  Rue  Lafayette,  Paris,  France. 

Messrs.  Augusto  de  Freitas  (Ltd,),  Hamburg,  Germany. 

David  Gething,  Landore  Copper  Works,  Landore,  S.  0,  Glamorgan, 

S.  E.  Wales. 

L.  le  Personne  &  Co.,  99  Cannon  St',,  London,  E.'  C,  4,  England. 

James  H.  Mason  Smelt.ing  Co.,  803  St.  Clarcns  A-ve.,  Totonto-2,  Canada. 

PATENTS  RECENTLY  RJPORTED  (1929  AND  1930) 

BECKET,  FREDERICK  M.  (To  Electro  Metall'urglcal  Co.  )•  Zirconium-treated  Iron- 
Chromium  Alloy.  U.  S.  Patent  1,689,276,  Oct,  30,  1928;  Chem.  Abs. , 
vol,  23,  No.  1,  Jan.  10,  1929,  p.  33. 

r 

Wrought  articles  such  as  tubing  are  formed  of  a  ferrous  alloy 
containing  0,008  per'  cent  of  zirconium,  or  a  little  more,  and 
10  to  60  per  cent  of  cerium..  The  alloy  has  working  properties 
superior  to  those  of  an  alloy  free  from  zirconium  but  otherwise 
of  similar  com.position. 

BECKET,  FREDERICK  M.  Zirconium-treated  .^loy,  U,  S,  Patent  1,689,630; 
Foote-Prints,  vol.  2,  No.  1,  1929,  p.  34. 

A  ferrous  alloy  containing  10  to  20  per  cent  of  chromium 
and  0. 0C3  per  cent  or  more  of  zirconiimi  is  used  for  wro'^oght 
articles  such  as  tubing.  The  zirconium  distinctly  improves  the 
TO  rking  properties  of  the  alloy. 

DEUTSCHE  GASGLUELICHT  AUER-GES.  Treating  Ores  of  Titanium,  Zirconium,  etc. 

British  Patent  291,004,  May  23,  1927;  Cham.  Abs.,  vol.  23,  No.  5, 
Mar.  10,  1929,  p.  iC99. 

Ores  of  titanium  and  zirconium  and  other  rare  earths  are 
sulphatized  to th  HoSO^,  and  the  resulting  sulphates  are  roasted 
to  form  oxides.  SO2  and  SO^  evolved  are  passed  over  finely 
divided  ores  in  the  presence  of  0  or  air  to  form  additional 
sulphates,  and  the  partially  sulph-atized  ore  is  then  treated 
with  H2SO4.  The  process  may  be  carried  out  in  two  rotary 
furnaces. 
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•  « 

DEUTSCHE  GASC-LUELICHT  AUEa-GES.  M.  B.  H.  Prepajation  of  Pure  Zirconium  . 

Sulphate  from  Zirconium  Ores  Decomposed  hy  Sulphurio; Acdd,  .German 
Patent  434,987,  Sept.  26,  1923;  Chem.  and  Ind. ,  vol.  49,  No,  27, 
London,  July  4,  1930,  p.  612. 

The  concentrated,  slightly  acid  solution  of  zirconium,  sulphdte 
obtained  by  digesting  the  ore  with  sulphuric-,  acid  is  treated  with 
EUlpliuric  Or  hydrochloric  acid  to  precipitate  2ireo‘n;lpm*-Buiphate, 

This  is  redissolved  in  dilute  acid,  the  solution  neutralized  and 
-  boiled:  to  precipitate  a  basic  sulphate,  and  this  salt  is  redis'*- ; 
solved  and  reprecipitated  by  either  of  the  above-^nentioned  methods 
to  eliminate  the  last  traces  of  iron  and  titanii’m. 

t 

DEUTSCm  GOII)-iQlu)-srLBER-SCEEIDEANSTALT  (To  Eoessler,  7,  -  V/eissfrauenstrasse, 
Pranisfort-on-iiain,  Geimany,  and  Weiss,  20,  Mlttelweg., ' Pranicfort- 
on-Kain,  Germany).  Tin|.  Titanium  and  Zirconium  0::idss.  British 
Patent  C27.142,  Dec, '.27,’ 1928;  Chem.  Age,  vol.  22,-  No,  570,  London, 

May  31,  1930',  p.  510. 

Pigments,  and  turbidity  agents  for  vitreous  enamels  are  obtained 
by  treating  soluble  compounds  of  tin,  titanium,  and  zirconium,  with 
or  without  limited  quantities  of  solvents,  wi  th  substances  capable 
of  converting  them  into  omides,  such  as  allcaline  lyes-,  steam,  or 
ammonia.  The  oxides  or  .hydroxides  obtained  are  converted  into  a 
voluciiinous  form  by  heating  to  500-800^  C,  in  the  case'  of  pigments, 

•  •  or  900-1500°  in  the  case  of  turbidity  agents.  'The  reaction  -may  take 
place  in  the  vapor  stage,  in  which  case  the  subsequent  heating  may 
be  omitted.  Reference  has  been  directed  by  the  comptroller  to 
Specification  No.  28,565/1903,  203,352,  206,284,  and  296,730. 

K/vPX,  A.  Zirconlvon  Oxide.  British  Patent  314,526,  Aug,  21,  1923;  Jour.  Am. 
Oeram.  Soc. ,  vol.  12,  No.  11,  Nov.,  1929,  p.  848. 

i 

Zirconlim  oxide  Is  obtained  from  an  alkali  zirconate  by  bring¬ 
ing  the  latter  into  solution  as  sulphate  a,nd  then  precipitating  the 
hydroxide,  as  by  hydrolysis  in  neutral  solution.  Simultaneous  pre¬ 
cipitation  of  associated  impurities’  such  as  iron,  titanium,  or 
elumlnun  is  prevented  by  first  reducing  the  solution  with  a  powerful 
reducing  agent  such  as  nascei:t  hydrogen,  su).phurous  acid,  or  sodium 
hyposulphite.  It  is  stated  that  the  process  is  applicable  also  to 
the  production  of  metal  oxides  sirni*  ar  to  zirconium  oxide. 

KIEPilAN,  WM.  PHILIP.  Preparation  of  Zirconium.  U.  S.  Patent  1,760,413,  May 
27,  1930;  Jour.  Am.  Ceram.  Soc.,  Abs.  Bull.,  vol,  9,  No.  8, 

Aug. ,  1930,  p.  652. 

The  process  of  producing  formed  articles  of  zirconium,  ?diich 
comprises  producing  a  relatively  pure  coarse^^etal  powder  of  the  metal, 
ccrapacting  the  pow-dsr,  heating  the  compacted  article  to  a  low  temper¬ 
ature  in  a  high  vacuo  to  substantially  degasify  the  compacted  metal 
powder,  sintering  the  degasified  article  at  a  high  temperature  approx¬ 
imately,  but  below  the  fusion  point  thereof  in  the  same  high  vacuo,  and 
thereafter  subjecting  the  sintered  article  to  mechanical  deformation  at 
temperature  approximating  800®  C. 
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PORiTJORD 

Zirconi-um,  formerly  distinctly  a  rare  element,  is  rapidly  ‘becom¬ 
ing  of  rather  extensive  commercial  importance.  Economic  features  of  the 
zirconium  industry,  together  with  general  information  regarding  the  metal 
and  its  compounds,  are  discussed  in  a  separate  paper,—/  to  which  this 
paper  is  a  supplement. 

In  addition  to  giving  a  "brief  discussion  of  the  four  or  five  de¬ 
posits  that  so  far  have  proved  to  "be  commercial  sources  of  the  element, 
this  circular  summarizes  availa'ble  data  (including  some  hitherto  unpu'b- 
lished  material  from  the  files  of  the  Bureau  of  Mines)  upon  other  occur¬ 
rences,  including  many  of  scientific  interest  only,  of  the  two  commercial  . 
minerals,  .zircon  and  "baddeleyite,  and  also  data  uoOn  some  of  the  minor 
minerals,  such  as  eud^'alite  and  cyrtolite,  which  have  attracted  addition¬ 
al  interest  in  recent  years  ‘because  they  are  frequently  richer  in  hafnium 
than  the  more  common  zirconinm  minerals. 

NORTH  ilMBRiai 

United  State s  and  Territories 


Alaska 


Zircon  has  "been  found  in  "black  sand  from  Gape  Nome,  Eagle  River, 
and  Yukon  Territory,  Alaska.:^ 


Arkansas 

Lee^  is  authority  for  the  statement  that  eudyalite  (variant 
eucolite)  has  "been  reported  in  the  United  States  in  Arkansas  alone.  In 
1861  Shepards/  found  at  Magnet  Cove,  Ark.,  imperfect  rounded  crystals  of 
eudyalite,  im'bedded  in  feldspar  and  associated  with  aegirine,  all  three 
minerals  "belonging  to  the  extensive  elaeolitic  rock  of  that  region.  At 
first  he  thought  the  newly  discovered  mineral  to  "be  corundum,  as  its 
color  was  a  rich  crimson,  varying  to  peach-‘blossom  red.  However,  after 
testing  its  hardness  (somewhat  under  6),  and  after  observing  that  it 
quickly  gelatinized  in  chlorhydric  acid,  he  decided  that  it  was  eudyalite. 


3/  Youngman,  E.  P.,  Zirconium,  Part  I:  Inf.  Cir.  6455,  Bureau  of  Mines, 

4/  Pratt,  ooseph  Hyde,  Zircon,  Monazite,  and  Other  Minerals  Used  in  the 
Production  of  Chemical  Compounds  Employed  in  the  Manufacture  of  Light¬ 
ing  Apparatus:  North  Carolina  Ceol.  and  Econ.  Survey,  Bull.  25,  1916, 
p.  18. 

5/  Lee,  0.  Ivan,  Mineralogy  of  Hafninm:  Chem.  Rev.,  vol.  5,  No.  19,  Am. 
Chem.  Soc.,  1928,  pp.  29-35. 

^  Shepard,  Charles  Upham,  Mineralogical  Notices:  Am.  Jour.  Sci.  and  Arts, 
ser.  2,  vol.  37,  May,  1864,  p.  407. 
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In  1890  Williaxns^y  published  an  article  upon  the  eud^.lite  a.nd  eucolite  of 
Ma^n©t  Cove,  coniinninj^  the  conclusions  of  Shepard  and  others,  and  describ¬ 
ing  the  crystals  in  detail. 

The  e:^ct  locality  in  which  the  minerals  occur  Williams  de¬ 
scribed  as  follows: 

Both  eudyalite  and  eucolite  occur  in  two  places  in  Magnet  Cove: 
one,  100  meters  northeast  of  the  point  \vhere  the  Hot  Springs  turnpike 
crosses  Cove  Creek,  and  the  other  on  "the  branch"  about  150  meters 
east  of  where  it  empties  into  Cove  Creek.  Indications  of  eudyalite 
have  been  observed  in  the  elaeolite  syenite  of  Saline  County,  Ark., 
on  the  property  of  Sol.  Nethercutt,  about  7  miles  (11  kilometers) 
northeast  of  Benton  (H.  W.  of  S.  E.  of  S  ec.  16,  2S.  14W.).  At 
this  point  the  mineral  was  so  badly  weathered  that  an  exact  deter¬ 
mination  was  impossible. 

Besides  the  aegyrite,  elaeolite,  and  orthoclase  of  the  rock  in 
which  the  eud^'^alite  occurs,  there  are  found  as  accessory  minerals 
beautiful  little  idiomorphic  titanites  and  apatites.  As  decomposi¬ 
tion  products  there  appear  ozarkite  (thomsonite)  and  manganopectolite, 
which  may  be  due  in  part  at  least  to  the  weathering  of  eudyalite  as 
well  as  of  the  other  constituents  of  the  rock. 

Arizona 

Pratt§/  reported  zircon  in  Maricopa  and  Yavauai  Counties.  Bay 
and  Hichards£/  reported  the  finding  of  zircon  in  the  sands  at  Wickenbulp^ 
Maricopa  County;  at  Arizona  City,  Simll  Valle’s  and  Prescott,  Yavapai 
Count;/";  in  the  Santa  Rita  Mountains  and  at  Greaterville,  Pima  Count-'/;  and 
at  Tucson,  Pinal  County. 


California 


Prattl2/  reports  zi:-^con  in  the  following  counties  of  California: 
Butte,  Calaveras,  Del  Norte,  Eldorado,  Humboldt,  Los  Angeles,  Nevada,  Placer, 
Riverside,  Sacramento,  San  Luis  Obispo,  San  Mateo,  Santa  Barbara,  Santa 
Cruz,  Shasta,  Siskiyou,  Trinity,  and  Yuba.  The  counties  of  Plumas,  San 
Barnardino,  a,nd  Tuolumne  are  added  by  Day  and  Richardsli/  in  an  article 


williams,  J.  Francis,  Eudyalite  and  Eucolite,  from  Magnet  Cove,  Arkan¬ 

sas:  Am.  Jour.  Sci.,  3d  ser. ,  vol .  40,  Nos.  355-240,  July  to  December, 
1890,  pp.  457-462. 

Pratt,  Josenh  H;/de,  yor'’-  cited,  p.  18. 

Day, _  David  T.  ,  and  Richards,  R.  H.  ,  Useful  Minerals  in  the  Black  Sands 
of  the  Pacific  Slope:  Min, Res.  of  the  United  States,  1905,  U.  S  Geol , 
Survey,  1906,  po.  1180-1181. 

Pratt,  Joseph  Hyde,  'Jork  cited,  IS. 

Day,  David  T.,  and  Richards,  R.  H.  ,  Uork  cited,  pp.  1175-1258 
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upori  the  "black  sands  of  the  Pac?f  ic'^Coast .  This  article,  v'hinh  shows  that 
zircon  stands  fifth  in  point  of  frequenc;'  (quartz  being  omitted  in  ►the  esti¬ 
mate),,  in  the  sands  of  the  States  investiga-tud ,  not  ordy  the  counties.  , 

in  California,  (and  other  States)  in  which  zircon  occurs  hut  the  num"ber  of 
pounds  of  zircon,. to  a^ton  of  sand  in  each  locality,!^  ■  ,  • 

Logan—/  says  th-at  zircon  exists  in  small  quantities  as  a  primary 
constituent  of  the  granod iff, rite  tiiat  forms  so  la-rge  a  part  of  the  country 
rock  east  of  the  Saersunento  Valley.  In  places  v.here  the  sand  is  an  accu- 
nnilation  from  the  erosion  of  the  granediorite,  ziicon  is  uart  of  the  heavy 
concentrates.  }Jo  real  work  has  "been  done  so  far  to  determine  the  ^.irectica- 
bil.il^y  of  recovering  it, 

liirijori-^^^discusEes  specimens  of  zircon  crystals  from  heaw  sands 
from  gravel  washings  sent  to  him  from  a  surface  placer  in  Eagle  Gulch,  near 
Ediaantoh,  about  4,5  kilometers  southwest  of  Meadov;  Valley,  pl^nmas  County. 
Prof,  S.  L.  Penfield,  of  the  Sheffield  Scientific  School,  who  examined  some 
of  these  crystals,  reported  as  follows: 

Tlie  zircon  crystals  resemble  ones  thet  I  have  seen  associated 
with  gold  fromllorth  Carolina.  The  forms  are,  not  unusual,  100,  110, 
111,.  311,  and  possi'bly  101.  The  hexagonal  nlo.t.es,  referring  to  the 
crystals  obta^'ned  by  f:sion  with  sodi‘’iiii  carbonate  (lTapfO;0 .  resemble 
those  I. have  met  in  testing  for  zircepia.  I  do  not  consider  the  re- 
actioii  a  ver”’  delicate  one.  The  black  grat  is  ma.y  be  chromite  or  some 
spinel  mineral  that  would  resist  treatment  with  acids.  ■ 

-  Colorado 

Prottl^  reported  the  existence  of  zircon  in  the  follov/ing  counties 
of  Colorado:  Cnr.f fee,  Costilla,  Eagle,  :Tuerfa,no,  andEoutt,  Dry  and  Richards 
renorted  fel^con  3n  the  sc.nds  examined  in  these  coimties  and  in  Gilpin,  Jef¬ 
ferson,  and  bummlt  Countifs  ^s.rel].  For  details  as  to  localities,  see 
article  by  Day  ani  Richards .—/  Lee  reported  cyrtolite  in  Colorado,  thou^ 
he  stated  tlia.t.,it  is  very  peering  in  occurrence.—^ 

'  ■  •  J  ■ 

Free  made  an  exa^iif iia.tion  of  pitchblende  from  Colorado  because,  as 
he  said,  it  s  the  only  import.ant  uranium  mineral  stated  to  contain  zircon- 
lu-Ti,  ai.d  because  among  ura.ninites  of  the  United  St.ates  of  America  it  is 

12/  Day,' David  T.,  and  nichri-ds ,'  E.  r!.,  V.ork  cited,  pp.  11£.2-1190. 

13/  Logan,  C,  A.,  Eaciamuntc  Field  Division;  Placer' Cc'inty;  Zirconium: 

D^st.  R"pt.  ivi'^n.  Eng.,  heot.  23  uf  the  State  Mineralogist,  vol .  23, 

No,  3,  California  State  Min.  Bur.,  Ji’ly,  1927,  p.  2P6 . 

14/  Turner,  E.  W.,  Notes  on  Rocks  and  Minerals  from  California:  Am.  Jour.  . 

Sci.,  4th  ser.,  vol.  5,  No.  30,  June,  1C93,  p.  426. 

1^  Pratt,  jeseph  Eyde,  VTork  cited,  p.  16. 

16/  Day,  David  T,,  and  Richards,  Ic.  il. ,  Work  cited,  pp.  1190-1194. 

17/  Lee,  0.  Ivan,  Work  cited,  pp.  21-25. 
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unique  in  teiiif:  juialogous  to  tho  Joachimsthal  pitchblende.  His  report  is, 
in  substance,  as  follo’vp;!^ 

The  lead -uranium  ratio  was ’very  small  and  indicates  a  nnximam 
age  of  2, '.'00,000  vcarc- ,  This  establishes  the  recent  formation  of  the 
mineral  in  contradiction  to  the  other  U'nited  States  of  America 
uraninites  exaiiined  by  Hillelrand  and  Boltwcod.  The  identity  of  the 
constituent  thou^it  by  Hillebrand  to  be  zirconr-in  has  been  confirmed, 
and  no  tiioriun  or  rare  earths  could  be  detected  in  the  mineral.  Anal- 
-lysis  of  the  mineral  gave  78.9  per  cent  Ur2.0,3,  5.25  per  cent  Zr02,  with 
Si02,  pyrites,  and  moisture  as  irn'ortaint  constituents,  and  traces  of 
lead,  titani'um,  and  vanadium.  A  co.mparison  of  the  densitv  of  the  zir- 
conia  separated  fro.m  large  qu;u':t'lties  of  the  -aineral .  ■with  specimens 
of  zirconia  separated  from  a  blue  Siamese  zircon,  reputed  to  be  rich 
in  hafni-ura,  a.r.d  with  a  commercial  zirconia  preparation,  showed  that 
all  these  specim.ens  ■were  of  similar  low  density  and  therefore  of 
similar  low-hafnfuir.  content.  The  snectra  of  the  preparations  were 
also  e imilar  and  gave  no  evidence  of  any  difference  in  hafnium  con¬ 
tent  . 


The  zircon  from  the  Pike's  Peal:  district,  Colo.,  has  been  de¬ 
scribed  by  Cross  and  Hillebrand .1^/  In  a  prospect  tunnel  near  the  Pike's 
Peal:  toll  road,  almost  directly  west  froiii  Cheyenne  Morntedn,  u:ms\rally 
beautiful  transparent  crystals  were  found  in  moderate  abundance  in  a 
smn,ll  quartz  vein. 


Connecticut 

Cyrtolits  occurs,  althou.fh  very  sparingly,  in  Connecticut,  the 
Branchville  (Conn.)  cyrtolite  being  mentioned  by  Lee^/  as  one  of  the 
richest  in  hafnia  in  the  United  States. 

Florida 

The  plant  of  Buckman  &  Pritchard  (Inc.),  at  Mineral  City,  Fla., 
which  had  a  recorded  production  of  zircon  from  ].922  to  1923,  ceased  opera¬ 
tion  in  1929.  The  plant  at  Mineral  C^ty  was  first  built  for  the  recovery 
of  ilmenite  and  was  later  ada-uted  to  the  recovery  of  zircon  and  rutile  also. 

The  composition  of  the  concentrates  of  the  Florida  sands  is  as 
follows;^/ _ 

to/  Free,  0.,  Zirconium  in  Coloraao  pitchblende:  Phil.  ,  vol .  1,  May, 

1926,  pp,  950-960.  (Sci.  Abs . ,  vol.  29,  Pov.  25,  1926,  P.  820.) 

19/  Cross.  Whitm.ai'i,  and  Hill sbra'ic ,  T'.F.  ,  Communi  catio::s  from  the  U.  S. 

Geological  S'lrvev,  Hocky  Mountain  Pivlsion,  II;  Notes  on  Some  Inter¬ 
esting  Minerals  Occurring  near  Pike's  Peal:,  Colo.;  Zircon:  Am. Jour. 
Sci.,  3d  aer.,  vol.  24,  No.  142,  Oct.,  1882,  pu.  234-286. 

20/  Lee,  0,  Ivan,  VJork  cited,  op.  24—25. 

21/  Ma  rtons ,  James  H.  C.,  Beach  Deposits  of  Ilmenite,  Zircon  and  Rutile 

in  Florida:  19th  Ann.  Rept.  Florida  State  Geol .  Surve*' ,  1926-27,  '• 

1923,  p.  137. 
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Minerals 


Per  cent 


Ilmenite  .  55 

Zircon .  20 

Rutile. .  6 

Monazite . , .  2 

Greenspar .  14 

Q,uartz .  3 

With  respect  to  the  occurrence  of  zircon  in  the  heach  sands  at 
Mineral  City,  Pla. ,  Martens  saps:^/ 

Zircon  is  almost  universally  present  in  quartz  sand,  h\it  the 
size  of  the  ^^ains  and  the  proportion  of  themara  so  small  that  it 
can  rarely  he  seen  without  using  a  microscoue  or  without  concentrat¬ 
ing  the  mineral  in  some  way,  or  both.  However,  on  some  of  the  beaches 
where  natural  concentration  of  the  heay;/  minerals  is  going  on,  light- 
colored  strea]"s  of  zircon  may  be  seen  among  the  da’ leer  rutile  and 
ilmenite.  The  zircon  can  then  be  distinguished  from  quartz  by  its 
brilliant  luster  and  smooth  crystal  faces.  The  zircon  separated 
from  the  sand  at  Mineral  Cit’^  is  in  grains  usually  about  0.1  giilli- 
meter  in  diameter,  but  varying  considerably  in  size  and  shape.  Each 
of  the  grains  is  a  single  crystal;  many  of  them  show  the  crystal 
faces  to  a  high  degree  of  oerfection,  while  others  appear  v/orn  or 
brohen.  There  are  a  few  prismatic  crystals  as  much  as  four  or  five 
times  as  wide,  but  crystals  only  slightly  elongs-ted  are  far  more 
abundant.  Practically  all  of  the  zircon  on  the  Atlantic  coastal 
beach  from  Mineral  City  to  St.  Simons  Island  (Georgia)  is  of  the 
colorless  variety,  rarely  showing  zonal  structures.  Pale-purple 
or  lavender  grains  of  zircon  are  uresent  but  are  very  rare. 

The  following  description  of  the  beach  deposit  in  general  is 
also  by  Martens:^/ 

From  the  mouth  of  the  St.  Johns  River  to  St.  Augustine  Inlet, 
a  distance  of  35  miles,  the  ocean  beach  ...  is  nearly  straight 
and  is  rather  uniform  in  its  topographic  features  .  .  .  The  width 
of  the  beach  for  most  of  this  distance  is  about  500  feet  at  low 
tide.  At  the  bach  of  the  beach  is  a  line  of  dunes  usually  a  few 
hundred  feet  wide  and  var-’ing  in  height  up  to  30  feet  or  a  little 
more.  A  large  uart  of  the  way  along  the  beach  there  is  a  distinct 

Wave-cut  cliff  or  notch  in  the  dune  front,  which  has  been  produced 

during  storms,  since  it  is  not  reached  at  high  tide  in  calm  weather. 

For  many  miles  inland  none  of  the  land  is  as  high  as  the  highest 

dunes,  and  from  Mineral  City  soiithward  to  St.  Augustine  Inlet,  there 
are  marshes  immediately  in  bach  of  the  d''anes. 


22/  Martens,  James  H.  C. 

23/  Martens,  James  H.  C. 


Worl:  cited.,  p. 
Worl:  cited,  up 


133. 

,  127-129. 
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The  heavy  concentrate  or  ore  alwa'^s  occurs  in  heds,  which  may 
best  be  described  as  "strlns”  since  the  bodies  are  much  wider  than 
they  are  thick  and  much  ]  onjver  than  the'''  are  wide,  the  direction  of 
greatest  extent  being  parallel  to  tne  shore.  The  principal  beds 
occur  on  the  bac3£  part  of  tlie  beach  at  the  foot  of  the  dunes  and  ex¬ 
tending  out  a  short  distance  in  front  of  them.  .  .  .  The  ore  is  in 
the  form  of  a  fine  sand,  even  finer  than  the  ordinary  beach  sand, 
and  is  es-silv  recognized  by  its  dark  color  and  heavy  weight.  A 
cut  through  the  back  part  of  the  beach  will  usually  reveal  a  suc¬ 
cession  of  thin  light  and  dark  beds,  the  dark  ones  varying  in  thick¬ 
ness  from  a  small  fraction  of  an  inch  uo  to  about  6  inches,  while 
the  light  ones  are  generally  thicker.  .  .  .  Tnere  is  frequently  a 
fairly  thicl-;  layer  of  black  sand  almost  immediately  below  the  sur¬ 
face,  while  deeper  down  there  is  a  succession  of  thinner  layers  of 
li^t  and  dar''.- . 

During  the  earl’'''  period  of  v/orking,  the  richest  streak  of  black 
at  the  foot  of  the  dunes  cont.ained  60  per  cent  of  "mineral"  (heavy 
minerals  recovered  in  the  wet  mill)  fer  a  thicliness  of  3  to  2-^  feet 
and  a  width  of  25  to  35  feet,  but  the  average  of  the  sand  as  v/orked 
has  recently  been  around  20  per  cent  "mineral"  and  the  dimensions  as 
worked  somewhat  sme.ller.  Samples  can  be  obtained  that  are  'oracti**;' 
dally  free  from  quartz  and  therefore  may  be  said  to  contain  100  per 
cent  "minero.l  ,"but  such  master ial  is  in  too  thin  layers  to  select  it 
,  in  mining;  so  a  certain  amount  of  the  quartz  s£.nd  has  to  be  mined 
also.  All  of  the  dunes  and  beach  sand  contaan  some  of  the  ilraenite 
and  associated  minerals;  so  tha.t  there  is  not  always  a  sharp  distinc- 
tio'n  between  material  that  is  T'orkable  and  that  which  is  not.  Besides 
the  beds  on  the  back  part  of  the  beach,  some  of  the  adjoining  part  of 
the  dunes  selected  as  appearing  richest  in  dark  minerals  has  also  been 
worked. 

The  v/orkings  have  extended  3  miles  north  of  the  mill  at  Mineral 
City  and  £  miles  scuth.  To  the  north  the  deposits  continue  somewhat 
farther ,  but  the  beach  is  developed  as  a  pleasure  resort  to  such  an 
extent  as  to  prevent  mining  operatio'ns.  Farther  to  the  south  the 
heavy  conce'ntrate  probably  is  of  workable  grade  and  depth  for  several 
miles  and  is  likely  to  be  mined  when  a  road  is  built  so  as  to  malce  it 
more  readily  accessible. 

Both  the  heavy  concentrates  and  the  associated  beach  and  dune 
sand  are  entirely  loose  and  •unconsolidated  and  of  very  fine  texture. 
The  sand  of  the  laire  beaches  is  generally  coarser  than  that  of  the 
ocean  beach.  The  sai.ie  heavy  minerals  are  present  in  the  ordinary 
beach  and  dune  s.aiid  as  in  the  heavy  concentrate,  but  in  rrach  smaller 
ano'u.it .  There  are  all  gradations  from  the  dark  heavy  concentrates 
with  only  a  few  per  cent  of  quartz  to  sand  that  is  practically  all 
}  quartz  v/ith  only  scattered  grains  of  the  heavv  miherals.  .  .  . 
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Microscopic  examination  is  the  only  practicable  method  of 
determining  the  mineral  composition  since  there  is  too  complicated 
a  mixture  for  chemical  analysis  to  be  of  much  help,  and  anything 
approaching  complete  separation  of  the  minerals  by  m.echanical  means 
is  excessively  difficult. 

Other  occurrences  of  zircon  in  Florida,  which  are  of  no  commer¬ 
cial  value  as  yet,  as  reported  by  Martens^/  are  as  follows: 

1.  Amelia  Island. — Specimens  from  heavy  concentrates  from  the 
beach  and  dune  sands  of  Ai-ielia  Island,  at  the  extreme  northeastern 
corner  of  the  State,  show  by  analysis  11.3  and  24.1  per  cent  of  zi  rcon. 

2.  5au  Gallie. — One  and  one-half  miles  north  of  the  main  part  of 
Eau  Gallie,  on  the  v;est  side  of  Indian  River,  the  beach  has  heavy 
mineral  concentra.tes ,  a,s  do  also  the  beaches  at  several  other  nlaces 
on  Indian  River.  The  percentages  of  zircon  in  specimens  tested  are 
14,7  and  15. 

3.  Gulf  Beach  at  Venice. — For  a  distance  of  2  miles  or  more  south 
of  Ccsey's  Pass,  on  the  gulf  beach  near  Venice,  the  heavy  minerals  are 
abundant.  The  zircon,  being  the  heaviest  of  the  minerals  present  in 
any  large  amount,  is  left  highest  on  the  beach  by  the  waves.  Some  of 
the  rich  zircon  sands  (scraped  from  a  layer  a  fraction  of  an  inch  in 
thickness)  yielded  68.6  and  69,4  per  cent  of  zircon.  The  more  common 
deposits  of  concentrates  at  Venice  yielded  6.6  and  11.2  per  cent  of 
zircon . 

4.  Capo  San  Bias. — Heavy  mineral  concentrates  extend  for  some 
miles  along  the  upper  part  of  the  gulf  beach  on  the  peninsula  between 
Cape  San  Bias  and  Point  St.  Joseph.  The  deposit  is  not  wide  and  thick 
enough  to  be  commercially  important  under  present  conditions.  Analy¬ 
ses  show  5  and  15.7  per  cent  of  zircon  in  the  sands. 

5.  Crooked  Island. — On  the  mainland  side  of  Crooked  Island  (Bay 
County) , along  St.  Andrews  Sound,  are  deposits  of  heavy  concentrates 
from  about  low  tide  to  above  high  tide;  and  on  the  outer  beach  of  the 
island,  almost  opposite  the  end  of  the  road  from  Auburn  to  St.  Andrews 
Sound,  are  thin  layers  of  heavy  concentrates,  which  alternate  with 
quartz  sand.  Examination  of  the  island  did  net  disclose  deposits 
large  enough  to  be  vvorkable;  however,  Ixit  a  small  part  of  the  island 
was  included  in  th®  investigation.  Specimens  analyzed  showed  17.9 
and  20  .5  per  cent  of  zircon 

6.  Inlet  Beach. — In  V/alton  and  Bay  Counties,  on  the  gulf  beach, 
for  a  distance  of  2  miles  to  the  east  and  5  miles  to  the  west  of 
Phillips  Inlet,  the  darker  minerals  are  found  in  the  sands,  although 

24/  Martens,  James  H.  C. ,  Work  cited,  pp.  141-147. 
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the  li  {\ht  sands  predoninate.  On  the  heel:  part  of  the  hec.ch 
of  heavy  darr  concentrates  -’Iternn-te  V7ith  v/hite  quarts  sand.  The 
co’in-osi tton  of  the  sa.::.d  simiD.ar  to  txiat  from  C'^coked  Is^.anc^  and. 

Cape  San  Bias.  However,  there  3s  less  sircon  here  t’-ian  in  the  other 
two  localities. 

7,  Santa  Rosa  Is land. — Heavy  saris,  the  composition  of  which 
is  similar  to  tliat  of  concentrates  on  Crodlced  Island,  occur  in  thin 
narrow  stiips  alon^  t.ae  shore  or.  t}ie  north  side  of  Santa  Rosa  Island, 
opposite  Csnro  Walton. 

Laice  Beaches. — Deposits  of  heavy  minsrrl  concentrates,  not 
extensive  enough  to  Justify  exploitation,  exist  on  many  lalte  beaches, 
such  as  Barnes'  Beach,  on  t}i.e  north  side  of  Lake  Weir,  Marion  County 
(2.1  and  S.S  per  cent  of  sircon);  east  side  of  Laire  (Jeneva,  Clay 
County  (40.2  end  57.5  per  cent  of  zircon);  and  Kingsley  Lolce  Bea,ch, 
at  Striclcland's  resort.  Clay  County  (0.3  and  0.4  per  cent  of  zircon). 

Georgia 

According  tc  Teas, §5/  on  a  number  of  isiands  along  the  Atlantic 
coast  of  Georgia  (as  well  as  of  Florida)  blacl:  sands  have  been  found  in 
which  the  content  of  rare  minerals  is  believed  to  bs  sufficiently  large 
to  warr<mt  their  concidcration  as  comir.srci'-i,l  deposits. 

At  the  southern  and  of  St.  Simon  Island  (vrtiich  lies  northeast  of 
Brunswick,  and  which  is  reached  by  boat  from  thc-t  city)  ,  near  the  wna.rf 
and  in  front  of  the  lighthouse,  occur  the  heaviest  concentrates,  extend¬ 
ing  almost  half  a  mile.  The  dark  minerals  a.re  on  the  u-oper  part  of  the 
bea.ch  sands,  betv/sen  higli  and  low  tide  iriarks .  Back  from  the  sea  the 
black  sand  is  covered  by  wind-shifted  sands  to  a  deptli  of  1  to  10  feet. 

An  analyois  of  the  sand  from  St.  Simon  showed  0.12  per  cent  of  zirconium 
oxide. 

On  Sopelo' Island ,  which  is  reached  by  boat  from  Darien,  the  black 
sand  is  most  plentif\il  a  short  distance  north  of  the  lighthouse,  which  is 
at  the  south  end  of  the  island.  It  is  found,  how.^ver,  over  most  of  the 
island,  especially  along  the  beaches — the  dunes  not  containing  much  of  the 
darker  sands.  An -analysis  of  a  S’Tecirnen  from  the  richest  deposit,  north 
of  the  lighthouse,  which  showed  5  to  6  per  cent  of  the  dark  minera.ls,  in¬ 
dicated  t>ie  presence  of  quartz,  ilrrenite,  iiiagnetite,  mona’-zite,  and  zircon, 
tne  relative  abundance  thereof  being  indicated  by  the  order  in  which  they 
are  given.  The  percentages-'Of  zirconium  oxide  in  two  tested  samples  were 
0.08  and  0.1.- 

In  Charlton  County,  3  miles  west  of  St.  George,  sand  similar  in 
mineral  content  to  tliat  of  the  coastal  islands  was  reported  to  be  asso- 
ciated  with  deuo sit s  of  sap  brov/n  alon.g  the  Georgia  and  Florida  Railv/gy. 

PSf  Teas,  L.  P.,  Sand  and  Gr.avel  De-oosits  of  Georgia:  Geol.  Survey  of 
Georgia  Bull.  37,  1921,  pu.  375-377. 
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Idano 


The  re'oort  of  Day  and  hicliards  u-'on  the  minerals  in  the  hlach 


^7  and  . 
226/  11 


sands  of  the  Pacific  slopeh^/  lists  the  follov'ina  counties  of  Idaho  in  which 
zircon  occurs:  Ada,  Bannorl' ,  Bingluiir,  Blaine,  Boise,  Canyon,  Custer,  Elmore, 
Fremont,  Idalio,  Leahi,  Lincol-i,  ITez  Perce,  Owyhee,  Shoshone,  and  Washington. 
The  individual  sand  deuosits  are  too  numerous  to  me?ition  here. 


lUnute  crystavls  of  zircon  are  prevalent  in  the  metamorphosed  rocks 
of  the  Pend  Oreille  mining  district,  an  area  15  hy  PO  miles;  and  in  the  near¬ 
by  Coeur  d'Alene  district,  also,  zircon  is  very  abundant  in  the  sedimentary 
rocks  that  are  directly  correlated  with  the  ire-Cambrian  formations  of  the 
Pend  Oreille  district,  as  shown  by  Joseph  L-  Gillson,  from  v;hose  report^/ 
upon  zircon  as  a  contact  metainoroliic  mineral  in  the  Pend  Oreille  district 
the  following  excerpts  are  taken: 


The  sedimentarv  rocks  of  the  district  belong  to  the  Belt  series 
(Algorliian)  and  the  Cambrian.  Except  for  one  calcareous  member,  the 
Belt  rod:s  consist  of  a  great  thickness  of  thorou^dily  indurated  sand¬ 
stones  and  shald^s,  and  the  Cainbrian  rocks  consist  of  quartzite,  shale, 
and  limestone.  A  very  large  batholith' extends  fron  the  west  side  of 
the  district  westward  foi'  many  miles,  and  three  stocks,  each  from 
two  to  three  miles  across,  outcrop  within  the  e.rer  .  These  igneous 
bodies  are  so  lerge  and  are  so  near  to  each  other  even  at  the  surface 
that  a  widespread  effect  of  igneous  metamorphism  would  be  expected  in 
the  invaded  sedimentary  rocks.  In  fact  no  locality  in  the  quadrangle 
Was  found  where  the  sedimentary  rocks  did  not  show  at  least  some  micro¬ 
scopic  evidence  of  igneous  metamoi’phism. 


Detrital  zircon  is  co.Timonly  present  in  the  noncalcarsous  rocks; 
bnjLt  little  or  none  is  present  in  the  calcareous  roc::s.  .  .  . 

The  evidence  from  the  calcareous  rocks,  more  striking  tha,n  tha.t 
in  the  loncalcareous  rocks,  leaves  no  room  for  doubt  thiit  zircon  is 
a  contact-metaeorphic  mineral.  The  sequence  of  tj;ve  mineralization 
under  the  contact  metamorohic  conditions  in  the  sedirnentaTy  rocks  of 
the  Pend  Creille  district  indicates  that  the  zircon  belongs  t o  a 
second  or  pneornia-tolytic  stage  in  the  metamorphism  a„nd  formed  contem- 
porsmeously  with  tournaline ,  biotlte,  audalusite,  cordierite,  vesuva- 
nite,  garnet,  diopside,  apatite,  etc.  Unlike  these  minerals  the  zir¬ 
con  is  of  unrestricted  occurrence  and  is  found  in  both  calcareous  and 
noncalcareous  rocl:s. 

36/  Day,  David  T.,  and  P i chard s  ,  R .  U . ,  Mo r/-.  c i t ed ,  pp .  1 1 94- l.i;CO . 

^  Gill  son,  Joseph  L.,  Zircon,  a  Contact  Metai..'jorphic  Ivlineral  in  the  Pend 
Oreille  Distiict,  Idaho;  Am.  Inineral . ,  Jour.  Mineral.  Soc.  Am.,  vol. 
10,  Uo.  S,  Aug.,  1925,  pn.  187-194. 
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Indiana, 

23.  rcon  was  found  (in  the  proportion  of  66  pounds  to  a  ton  of  s  and) 
in  sands  from  Michigan  City,  Laporte  County,  Ind, — < 

Maine 


Zircon  is  l^cnown  to  occur  in  pegmatite  at  Auburn,  Me.  In  the  town 
of  Norway,  near  Cobble  Hill,  Perfect  crystals  of  zircon,  with  chiysoberyl 
and  zinc  ^inel,  occur  in  the  pegmatite.  Zircon  crystals  one-sixteenth  to 
one-eighth  inch  long  lie  upon  slickensided  surfaces,  of  which  Bastin  says, 
"They  were  probably  formed  during  the  shearing  process ."  Zircons,  asso¬ 
ciated  mostly  with  triphyllite  and  rarely  exceeding  one-ei^th  inch  in  , 
diameter,  have  been  found  in  the  pegmatite  of  Mount  Mica,  Paris,  Me.—' 

Maryland 

Zircon  was  found  in  sands  examined  in  Marj'land:  from  a  trace 
at  Glyndon  to  2  pounds  per  ton  of  sand  at  Harrisonville  (Baltimore  County)*  . 
and  19  pounds  per  ton  at  Ocean  City,  in  the  beach  sand  (Viforcester  County)  .i^./ 

Massachusetts 

The  cyrtolite  at  Rocl:piort,  Mass.,  although  very  rare,  is  unusually 
rich  in  hafnia,  containing  as  much  as  17  per  cent  thereof .21/ 

Mississippi 

A  trace  of  zircon  was  found  in  sands  examined  at  Magnolia,  Pike 


A  trac 
C ount y ,  Miss 


Montana 

Zircon  has  been  reported  as  occurring  at  Wisdom,  Beaverhead 
County;  Miles  City,  Custer  County;  and  in  Powell  County,  Mont.— 

Austin  P.  Rogers,  while  examining  specimens  of  corundum  from  an 
unknown  locality  in  Montana  (obtained  from  Ward's  Natural  Science  Estab¬ 
lishment)  ,  discovered  a  black  submetallic  mineral,  which  he  proved  to  be 
baddeleyite.  Baddeleyite  has  been  identified  by  Rogers  in  specimens  from 
the  property  of  the  Bozeman  Corundum  Co. ,  14  miles  southwest  of  Bozeman. 
The  baddeleyite  of  Montana  is  an  accessory  constituent  of  a  gneissoid 

28/  Day,  David  T..  and  Richards.  R.  H..  Work  cited,  p .  1200. 

29/  Mining  and  Engineering  V/orld, - :  Vol.  37,  1912,  p,  1018. 

30/  Day,  David  T.,  a.nd  Richards,  R.  K.,  p.  1202. 

31/  Lee,  0.  Ivan,  Work  cited,  pp.  24-25 

32/  Day,  David  T.,  and  Riclaards,  R,  H.,  Work  cited,  p.  1202. 

33/  Day,  David  T.,  and  Richands,  R.  H.,  V/ork  cited,  p.  1202. 
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coruiidToni- syenite  containing;  mlcrocline-inioropertliite,  biotite,  and  corun¬ 
dum,  rith  subordinate  axiounts  of  muscovite,  sillimanite ,  and  zircon.^/ 

iJew  Hampshire 

According  to  Pirssbn  and  V/asAington.ici/  mj-croscopic  study  of 
the-fbyaite  t;rpe  of  nephelit’e  syehitc  reveals  zircon  in  thin  sections  at 
Red  Kill,  Lioultonboro,  H.  H.  The  zircon,  not  vei-y  cormnon,  is  in  r  ou^ 
crystals  or  grains  that  have  £.  general  though  sparse  distribution..  The 
crystals  vs-vj  from  0.2  to  0,4  millimeter  in  diameter.  The  zircon  is  in¬ 
cluded  with  the- accessoryminerals  in.  the  umiptekite  variety  of  alkali c 
syenite.  ‘  •  ■  '  y. 

The  first  occurrence  of  wbhlerite  in  an  American  locality  (a  well- 
known  mineral  characteristic  of  the  nephelite-syenite  pegmatite  dikes  of 
South  iJorway)'V7as  reported  at  Sed  Hill,  where  it  is  found  everywhere  dis¬ 
tributed-  through  the  rock  mess. 

I  •  '  • 

Kew  Jersey 

A  report  or,  the  zircon  of  New  Jersey  by  the  United  States 
Geological  Survey^/  ‘is  b'^oted  at  length'.  ,  .  . 

Several  localities  in  northern  New  Jersey,  especially  in  Sussex 
County,  lie.ve  been  reported  to  contain  zircon-bearing  ores  aid  rocks, 
and  an  investigation  of  the  deposits  was  'andertalren  to  test  their 
'  availability  as  a  source  of  zircon.  It  has  been  concluded  that  if 
the  demiand  for  zircon  should  become  imperative  and  if  the  mineral 
must  lb e  lia,d  at  any  cost,  then  several  hundred  tons  could  be  obtained 
from  northern  New  Jersey,  but  the  locality  does  not  offer  any  in¬ 
ducement  as  a  commercial  field.,  .  r  .  The  most  promising  pb'gmatite 
is  that  of  the  old  Woods  mine,  about  half  a  mile  southeast  of  Stock¬ 
holm,  N.  J.  At  least  four  shafts,  nov;  filled  in,  were  made  in  a 
pegmaitite  dijee  about  10  feet  wide  and  .ex;;, ->0  3 ed  for  more  than  100 
feet.  The  pegmatite  rock  is  composed  of  quartz,  .feldspar,  magne¬ 
tite,  and  zircon.  There  is  too  little  magnetite  in  the'  rock  to  be 
worked  as  an  iron  ore.  The,  shafts  are  said  to  have  been  dug  ibng  ’■ 
ago — maybe  over  100  years.  No  ore  is  known  ever  to  have  been  shipped 
away.  The  roc?-c.  is  richer  in  zircon  than  any  other  rock  seen  in  this 
region.  Some  selected  parts  of  the  dike  may  carry  as  nn.ic'n  as  5  per 
cent  of  zircon,  but  an  avf^rage  sart^ile.  of '20  specimens  of  selected 
zirconif erous  rock  yielded,  only  1.53  per  cent  of  zircon.  The- rock 
in  the  sha-ft  at  one  end  is  much  richer  in  zircon  than  the  rock  at 
the  other  end  of  the  line  of  shafts.  An  average  ssmnle  of  10  speci- 
^  mens,  collected  across  the  exposed  dike  at  l-foot  ..intervals,  con- 
-3*^  Rogers,  Austin  7.  ,  Haddeleyite  from  Wontana:  Am.  Jour.  Sci,,  4th  ser.,  , 
'  vol .  33,  No.  193,-  Jan.,  1912,  pp.  54-;55 
35/  Pirsson,  L.  "V. ,  find  Washington,  R.  S.,  Contributions  to  the  Geoilg^jyvof 
New  Hampshire,  No.  3;  On  Bed  Hill,.  Moultonboro:  Am.  Jour.  Sci.,  4th 
ser.,  vol.  23,  No'.  136,  April,  1907,  pp.  261,  266,  237,  and  270. 

36/  Schaller,  Waldemar,  T.  ,  Thorium,  Ziroonium,-  and  Rare-Earth  Minerals: 

Min.  Res.  of  the  United  States,  1919,  pt.  2,  U.  S.  Geol .  Survey,  1922, 

pp.  21-22. 
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tailed  0.9C  per  cent  of  zircon.  T’ae  -oeginatite  roc''-:  is  taifl  aUd  uh- 
altered  e/nd  ^orld  have  to  "be  crashed  'bofore  any  zircon  could  he  ol)- 
tainec.  The  total  ov'antit”  of  zircon  o'btainahle  from  this  locality 

r  I 

Would  not  ar.iour.'t  to  more  than  a.  lew  h'^iiiorod  tons,  and  the  expense 
would  prohibit  commorcial  e:rpi citation. 


'iievada 

Traces  of  zircon  were  fovond  in  the  sands  of  bixie  (Sifeek  tad 
of  Mascot,  Elko  Cou;.it-'’’,  and  of  Berlin,  Nye  Jo-onty.  Zircon  Vas  found 
at  Carson  City,  Cmsby  County,  also. 52/ 

ITew  Mexico 

Day  and  Richardc^^  reported  tlie  occ^orroncQ  of  zircon  In  the 
sands  at  Pinos  Altos,  Graa-.t  Counts;  at  Brice,  Otero  County;  at  Bernar- 
dillo,  Sandoval  County;  and  at  Los  Cerrillos  and  from  Tuer  to  Arroyo, 
Santa  Fe  County. 


Hew  York 

;! orris  says52/  that  zircon  occurs  in  Nev7  York,  at  Lyon  Mountain, 
Clinton  County;  at  a  few  places  near  Crown  Point  and  abundantly  in  peg¬ 
matites  at  Old  Pted  Mines,  Mineville,  Essex  County;  and  at  numerous  places 
in  Orange  County,  on  the  south,  and  St.  Lawrence,  on  the  north.  Day  and 
P-icliardsl^/  reuort  small  amounts  of  zircon  found  in  the  sands  exsaained  at 
Lowville  ai d  Rochester,  Lewis  County. 

A  deposit  of  cyrtolite,  radioactive,  in  'Jestchester  County, 
which  Lee  says  has  beep-g^twice  authenticated  as  higlr  in  'hafnia,^/  kas 
been  fully  described  in/^circular  u-pon  hai’nium,  soon  to  be  published  by 
the  Bui'eaip  of  Mines. 


North  Caxo^.ina 

North  Carolina,  fthe  only  State  with  the  exception  of  Florida 
tluit  I'lns  had  a  recorded  productio:a  of  zirconium  ore  in  the  United  States) 
was  fne  first  producer  of  the  ore.  The  silicate  zircon  was  discovered  in 
Henderson Cbunty  in  13G9,  Production  continued  intermittently  from  1369 
until  1911.  W.  E.  Hidden,  accordi-g  to  Lee,^^  m.ined  as  much  as  26  tons 
as  early  as  1833.  The  first  shi-oment  recorded,  however,  was  in  1863, 

37/  Da.V.  David  T.,  and  Richards,  R.  H.  ,  V»'or>  cited,  p.  1204. 

33/  Day,  David  T.,  and  Richards,  R.  H.  ,  Y/or]:  cited,  p.  1204. 

39/  Morri  s,  Ii .  C.,  Zirconium;  Political  and  Commercial  Control  of  the 

Mineral  Resources  of  the  World,  No,  7,  Bureau  of  Mines,  Nov.  15, 

1918,  -op.  9-13. 

40 /  Day,  David  T,,  and  Richards,  R.  H.  ,  Work  cited,  p.  120'!. 

4l/  Lee,  0.  Ivan,  Wor]-  cited,  pp.  24-25. 

42/  Lee,  0.  Ivan,  Work  cited,  pp.  24—25. 
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when  tne  ore  waw  marketed  to  he  used  in  the  manufacture  of  mantles  for  in¬ 
candescent  ].i._hts.  As  thoria  soon  took  the  ulace  of  zirconia  for  this  pur¬ 
pose,  shiumenls  of  zircon  ceased  for  a  fe’.v  years,  beginning  agahn  in  1902, 
upon  the  introduction  of  the  IJernst  lanp.  Althou^x  the  ITorth  Cr?.rolina  Geo¬ 
logical  Survey  in  1915  reported^/  that  shipments  begun  in  1902  Irrd  con¬ 
tinued  until  1916,  no  one  year  having  a  vein.'-  large  production,  no  output 
figures  were  reported  to  the  United  States  GeolO(,.,ical  Surve^n 

The  following  description  of  the  Henderson  County  de;iX3sit  is  by 

Schaller 

*  *  *  Uear  Tuxedo  (formerly  called  Zirconia)  a  pegmatite  di]"e, 
about  100  feet  wide  and  striking  L".  50°  E.,  cuts  through  the  pre- 
Cambrian  gneisses  of  the  region  and  has  been  traced  for  a  mile  and 
a  half.  The  upper  part  of  the  pcmiatite  is  liaolinized  and  disinte¬ 
grated  to  a  depth  of  40  feet  or  mere.  Zircon  crjretals  are  present 
in  abundance  in  certain  parts  of  the  pe^pnatite  but  an’e  not  uniform¬ 
ly  distributed  throughout  the  dike.  They  are  gray  in  color  and  show 
both  the  prism  and  pyramid  about  equally  developed.  They  average 
in  size  from  about  an  eighth  to  a  quarter  of  an  inch.  They  can  be 
readily  washed  from  the  decomposed  pegina.tite  or  from  the  unaltered 
crushed  rock. 

places  have  been  \7orked  on  this  negmiitite  dike — the  Freeman 
mine,  near  the  southwest  end  of  the  dike,  and  the  Jones  mine,  near 
the  northeast  end.  *  *  * 

Genthl^  described  other  occiurrences  of  zircon  in  North  Carolina 
as  follows: 


Abundant  v’ith  the  gold  sands  of  Eurks,  McDov/ell,  Polk,  Ruther¬ 
ford,  Caldwell,  Mecklenburg,  Nash,  7/arren,  and  other  counties,  in 
veiy  minute  yello\.'ish-brown  and  brov/nish-white ,  sometimes  amethy¬ 
stine  and  pin?"  cr^z-stals  vuth  uicay  planes.  .  .  .  Found  also  b"’'  Pr. 
Hunter  at  V/ell '  s  farm,  Gaston  County.  It  is  rarely  found  at  Ecj;'’'s 
mine.  Hurricane  Mountain,  Yancey  County,  and  the  Flnt  Hock  mine, 
Mitcbe  11  County.  It  lias  been  observed  in  dark  red-bro77r.  crystals 
in  the  mc,gnetite  beds  of  the  Unaf:a  Mountains;  an  irregular  large 
crystaJ  of  about  2  inches  in  length  and  a  male  brov'nis'n-gray  color 
has  been  found  by  J.  A.  D.  Stephens  on  near  Sba.tesvi]  le ,  Iredell 
County;  and  by  the  sau.e,  dna.l^  crystals  embedded  in  aills/nite,  near 
He  thane/  church. 


Peculiar  dark  brown  crystals  from  ] -3  mi].limeters  in  size  are 
found  at  Lov/'s  and  Tibbet's  mine,  in  Macon  Co'ui'ib"',  v'hich  may  be 
zircon.  They  need  fuller  investigation.  Hidden  reports ,  from  the 
wr  Pratt,  Joseph  Hyde,  V/ork  cited,  n.  16. 

44/  Schaller,  Ualdemar  T.,  Work  cited,  p.  19. 

45/  Genth,  Frederick  Augustus,  The  Minerals  of  North  Carolina.;  U.  S. 
Geol.  Survey  Bull.  74,  U.  S.  Geol.  Survey,  1891,  p.  49, 
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gold  sands  of  Brindletown,  good  crystals  of  the  variety  malacone. 

The  latter  are  jet  ■black,.with  occasionally  a  gra,7ish  crust,  and 
are  larger  than,  end  of  different  form  from,  the  zircons  directly- 
associated  with  them.  Specific  gravity  4.087,  The  same  authority 
reports  the  variety  cyrtol.ite  from  several  places,  namely: 

Masses  and  distinct  crystals  having  cui  v-ed  faces  and 
gray-hrown  color  ha.ve  "been  met  v/ith  at  the  T7iseman  mica 
mine  in  Mitchell  County,  associated  with  autunite,  ferguson- 
ite,  and  samarskite.  Also  at  Mill's  mine,  near  3rindleto\7n , 
and  at  the  xenotime  and  polycrase  locality  on  the  Davis  land, 
near  Green  River,  in  Henderson  County. 

With  the  monazite  at  Mars  Hill,  Madison  County’-,  zircon  crj/stals 
of  considerable  size  are  sometimes  found.  One  such  crystal,  specific 
gravity  4.507,  was  analyzed  by  me  as  follov/s: 


1.20 
31 . 83 
63.42 
3.23 
99.68 


Loss  on  ignition 

Silica. . 

Zirconia  .  .  .  . 
jTerric  oxide  .  . 


Oklahoma 

Mineral  Resources  of  the  United  States  for  1907—/  announced 


that  a  nev;  deposit  of  zircon  had  been  reported  by  Drank  Rush,  a  forest 
supervisor  of  the  Wichita  national  Dorest.  This  deposit  (which  wa.s 

ed  by  Hackney  &  Sons,  La  Harpe,  Kans.)  has  been  described 


A  pegmatite  dike  v/ith  many  scattered  zircon  crystals  occurs 
near  the  south  edge  of  the  Wichita  Hatio-nal  Forest,  Wichita 
Mountains,  about  7  miles  northwest  of  Cash,  Okla.  The  zircon 
crystals  reach  a  maximum  size  of  nearly  an  inch,  thou^  most  of 
them  are  much  s:t3allei  .  They  are  simple  pyraiaids  with  the  prism 
faces  nearly  absent.  Most  of  the  crystals  are  deep  reddish-brown, 
but  a  few  are  yellowish  to  nearly  colorless. 

An  investigation  of  the  deposit  seemed  to  indicate  that  only 
a  very  Suiall  quantity  of  zircon  could  be  obtained,  as  the  zircon- 
rich  portion  of  the  pegmatite  V7as  of  slight  extent. 

46/  Sterrett .  Douglas  B.,  Monazite  and  Zircon:  Min.  Res.  of  the  United  States, 

1907,  pt .  2,  U,  S.  Geol .  Survey,  1908,  pp.  792-795. 

47/  Schaller,  Waldercar  T.,  Work  cited,  up.  22-23 
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Uc-y  aiid  Hichards^/  reported  traces  of , zircon  in  the  sands  at 
Putnam,  Dev/ey  County,  OMa. 

Ore;son 

Zircon  occurs  .in  the  following-  counties  of  Oreg^on,  according; 
to  a  report  of  Pratt rlia/  Balrer,  Clatsou,  Coos,  Lincoln,  Curr’',  Douglas, 
Grant,  JacLson,  Josephine,  Lincol'c,  Lin  ;,  Malheur,  .Malthomah ,  P  olh ,  U ma- 
tilla,  T/asco,  and  V/ashington.  For  the  definite  localities  (far  too 
numerous  to  mention  here)  in  the  coxpties  just  listed  and  in  other 
counties,  the  reader  is  referred  to  the  aiticle  hy  Day  aid  Richa.rds ,.52./ 
which  iia.s  b  een  quoted  freouentl”  i-i.  tills  pa.oer.  ' 

Pacific  Slope 

That  zircon  stands  fifth  in  the  order  of  frequency  (among-  37 
minerals  in  addition  to  quartz)  in  the  black  sands  of  the  Pacific  slope 
is  claimed  in  a  renortSl/  of  the  United  States  Geological  Survey,  which 
has  been  frequently  referred  to  in 'these  pages.  A  table  covering  43 
pages  gives  detailed  information*  by 'Counties  a^ad  smaller  political 
divisions,  concerning  the  occurrenoe  of  zircon  (as  Well  as  of  a  dozen- 
other  minerals)  on  the  Pacific -slope Magnetite,  g-old,  ilraenite,  garnet, 
hematite,  chromite,  pla.tinun,  iridos.Tiium,  mercury,  amalgam,  olivine,  and 
iron  silicates,  pyrite,  monazite,  ccioaer,  cinnabar,  cassiterito,  and  coi- 
rundum  are  the  other  minerals  most  frequently  found  in  the  sands. 

The  action  of  a  Wetherill  separat'or  oh' -the  zircon  crystals  is 
given  on  p.  1234,  of  Day  and  Richards'  report'.  '■■  ■  ' 

Pennsylvania 


Zircon  is  foun.d  in  the  f pllowing  localities  in  Pennsvlvania: 

Berks  County:  Bemiharts,  Pricetowh,  and  Trexler  mica  mine  (Alsace). 

Bucks  County:  Finney's  quarry,  ITeshaiiiiny  Falls,  Siles,,  cjid 
Vanartbsdalen' s  quarry. 

Chester  County:  Chester  Springs,,  Copesvills,  Pughtowp,  Springton, 
Octorr.ro  Creek,  \7est  Chester  (Bath  Springs),  and  Villowdale. 

Delaware  County:  Avondale  (cyrtolite).  Blue  Hill  ,  Booth wprn  ( cyi-tolite)  , 
Brand/wine  Summit,  Painter's  fern  on  Dismal  Run,  and  Morgan  Sta¬ 
tion  (cyrtolite)  .  ,  , 

Lehigh  Co-ant /:  Macaingie.  . 

Montgomery  County:  Lafayette,  Uillov/  Grove. 

Northhampton  County:  Chestnut  Hill  (gray  or  pinkish  cr^.’-stals  5  centi¬ 
meters  long) .  ' . 

•48/  Day ,  Davi d  T .  ,  and  Hi cha'r ds ,  i: .  H , Uork  cited,  p.  1.304. 

49/  Pratt,  Joseph  Hyde,  Work  cited,  lb. 

50/  Day,  David  T. ,  and  Richards,  R.  H. ,  Wer:  cited,  pp .  1206-1315, 

51/  Day,  David  T.,  and  Richards,  R.  II,,  Work  cited,  pp.  1175-1258. 
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Philadelphia;  Broad  Street  and  Olney  Avenue  (cyrtolite),  Brideshurg 
(colorless  crystals  in  BelaV'artj  River  sands),  Couilev's  quarry 
(Mouni  Airy,  cyrtolite)  ,  Pairnount  Parh,  and  in  the  Schuylliill. 
River  sands  and  gravels, 

The  following  analysis  is  of  zircon  from  Pricetown,  Burks 
County,  found  as  chocols-te-hrown  crystals  in  magnetite: 


Per  cent 

Si02 . 

.  34.07 

Zr02 . 

.  63.50 

Feo03  . 

H2O  . 

100.09 


The  specific  gravity  of  the  specimen  of  which  the  analysis  is 
given  is  4.595.^/ 

South  Carolina 

Zircon  occiirs  in  South  Carolina  associated  v/ith  magnetite  .sand 
or  ore.  Vehahle  mentions  an  occurrence  at  Anderson,  S.  C.,  as  heing  nmong 
the  three  localities  in  the  United  States  7/here  the  mineral  occurs  in  quan¬ 
tities  sufficient  for  "being  rainea..^/ 

South  Dalcota 

Day  and  Richards^/  reported  zircon  in  the  sands  at  Tinton  end 
in  the  Hurricane  district,  Lawrence  County;  at  Sheridan,  Pennington  County; 
and  in  the  Big  Horn  Mountains. 


Teiuiessee 

Zircon  occurs  in  Tennessee,  associated  with  magnetite  ore  or 
with  sand. 55/ 


Texas 

lee^/  lists  Texas  among  the  States  found  to  he  the  richest 
in  hafnium  minerals,  the  altered  zircon,  cyrtolite,  heing  foimd  in  , 
ahundance  in  Llano  County.  As  early  as  1CS9,  Hidden  and  Mackintosh^' 
jiescrihed  the  cyrtolite  of  Texas  as  follows; _ 

527  Gordon,  Samuel  G.  ,  The  Mineralog;'/’  of  Pennsylvania;  Descriptive  Miner- 

alogy  of  Pennsylvania:  Special  Puh.  1,  Acad.  Hat.  Sci.  of  Philadel¬ 
phia,  1922,  p.  90. 

53/  VenahLe,  Francis  P.,  Zirconium  and  Its  Compounds;  Am.  Cliem.  Soc. 

Monograph  Ser.,  Chemical  CatalogCo.  (inc.),  1923,  p.  IS. 

54/  Day,  David  T.,  and  Richards,  R.  H. ,  Work  cited,  pp.  1215-1216. 

55/  Venahle,  Francis  P.,  T/orl.  cited,  p.  18. 

56/  Lee,  Q  Ivan,  Work  cited,  pp.  24-25. 

57/  Hidden,  V/.  E. ,  and  Mackintosh,  J.  B.,  A  Description  of  Several  Yttria 
and  Thoria  Minerals  from  Llano  County,  Texas;  Am.  Jour.  Sci.,  3d  ser., 
vol.  38,  Nos.  223-228,  1889,  pp.  485-486. 
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Cj'rtclite  h3,s  13601  found  nbuiidantly  in  doth  raassive  fom  and  in 
good  c  rystallizations .  One  hundred  jrilos  have  thus  far  been  collected 
while  ndning  the  ;^'ltria  niime:  als  alread:/  herein  described.  This  min- 
errJ.  here  occurs  in  thick  plates  attached  to  the  biotite  and  also  con-  ' 
etitution  veins  in  the  coarse  'c;its.  It  is  often  the  matrix  of 

the  thcro-gurnnite  and  fergusonite.  Specific  vravlty  is  3.65?.  It 
occurs  in  tetragonal  foras  with  all  the  planes  rounded,  and  poly- 
synthet.lc  grounings  of  crystals  are  very  common.  Its  color  ranges 
from  dull  gray,  through  various  sliades  of  brown,  to  deep  brown  and 
elinost  black.  Hardness  a,bout  5.  .  .  . 

Hidden, M/  a  few  yeiU's  later,  said: 

Many  hundred  pounds  of  cyrtolite  were  found  and  in  great  variety 
of  form  and  color.  AH  kinds  of  it  gave  good  radiographs  .after  ?4-hour 
exposures,  plates  of  it  as  lac’ge  as  one's  hand,  covered  on  one  side 
with  curved  crystals,  were  not  rare.  It  sometimes  encrusted  large 
quartz  crj'stals  to  tne  depth  of  1  inch,  liaving  radiate  structure,  and 
thus  afforded  a  new  featui-e  for  tliis  mineral  and  one  very  unciia.rac  t er¬ 
istic  of  zircon.  .  .  . 

Xj  t  ..ilj. 

Zircon  was  found  in  the  sands  ixamined  at  Hite,  Garfield  Coui'ty, 
Utah;  at  Sand  Springs,  Iron  County;  at  1.  irgan,  Morgan  County;  at  the  junc¬ 
tion  of  the  Combwash  and  San  Juan  Hivers,  San  Juan  County;  in  Green  River, 
Gensen  district,  and  nea.r  Gensen,  Uinta  County .52/ 

Virginia 

Zircon  has  been  discovered  in  both  sedimentary  and  igneous  rocks 
in  Virginia,  occ’urring  in  sandstone  near  Ashland  and  in  pegmatites  near 
Gouldin,  Henover  County,  and  near  Amelia  Courthouse,  Amelia  County.  The 
zircorif erous  sandstone  and  the  zircon-bearing  pegmatites  of  Hanover 
County  are  less  than  a  mile  apart,  the  former  being  a  "part  of  the  western 
edge  of  the  Coastal  Plain,  near  and  along  the  overlap  of  the  sediments 
upon  the  older  crystalline  rocks  of  the  Piedmont  Plateau. "22/  Under  the 
heading  "Genesis,"  the  relation  betwep-n  the  txvo  different  t^es  of  deposits 
in  Hanover  County  is  shov.ni  by  Uatson  ::  '.d  Hess,  as  follo\/s:2i/ 

The  zircon  and  ilnienite  concentration  evidently  represents  an 

•  old  heach  segregation  along  but  v/ithin  the  w e stbrn  margin  of  the _ , 

Hidden ,  Uilliain  5.,  Some  Results  of  Lc.te  Mineral  Research  in  Llano 
^  County,  Texas:  An.  Jour.  Sci.,  ser.  4,  vol.  19,' No.  114,  June,  1905, 
pp.  432-433. 

59/  Day,  David  T.,  and  Riclu).rds,  R.  E.,  Work  cited,  p.  1?16. 

60/  Watson,  Thomas  L.,  and  Hess,  Jrark  L.,  Zirconif erous  Sandstone N ear 
Ashland,  Virginia:  U.  S.  G’eol.  Survey  Bull.  550-P,  1912,  p.  3. 

61/  V/atson,  Thomas  L.,  and  Hess,  Prand..  L.,  Work  cited,  pp.  7-8. 
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Miocene  sediments  of  the  Coasta?  Plain,  of  Calvert  age,  and  is  sim¬ 
ilar  to  the  ‘blacl.-sand  heaches  of  ITew  Jersey,  California,  Oregon, 
and  numerous  other  coasts  and  to  the  gold-hearing  garnet  (so-colled 
’'ruhy")  sn.ndc  of  the  beaches  at  Nome,  Alaslra. 

The  zircon  and  other  heo.vy  minero.ls  resistant  to  atmospheric 
agencies  were  derived  by  weathering  processes  from  the  ci7,’’stalline 
rocks,  chiefly  granites  and  gneisses,  of  the  Piedmont  Plateau,  which 
extend  westwo.rd  from  the  Coastal  Plain  contact  .  These  formed  the 
country  rock  of  the  shore,  and  the  zircon  and  o.ssociated  minerals  de¬ 
rived  from  them  by  weathering  were  acciiOTAlated  by  v/aters  near  the 
mouiih  of  a  small  stream  or  behind  o.  sheltering  point,  while  the 
quartz  sand  v/as  largely  worn  and  carried  away  by  the  currents  of 
the  seo. 

Zircon  is  an  almost  constant  minor  accessory  mineral  in  the 
crystalline  rodcs  of  this  old  shore  and  its  extension  westward, 
and  in  places  it  occurs  in  large  masses.  Near  Gouldin  post  office, 

10  to  15  miles  southwest  of  the  Ashland  area,  pieces  of  zircon  3 
inches  in  diameter  weathered  out  of  pegmatite  dikes  liave  been  noted 
on  the  surface.  Massive  zircon  without  crystal  outline  and  measur¬ 
ing  6  by  4  inches  he.s  been  observed  in  the  pegmatites  of  Amelia 
County,  Va.  Similar  diltes  occur  in  the  gneiss-grenite  complex  of 
the  Piedmont  Plateau,  forming  the  old  snore  line  which  extends  en¬ 
tirely  across  Virginia  from  Maryland  into  North  Carolina,  roughly 
coind  ding  with  the  meridian  of  78o  30'.  It  seems  probable  that 
similar  zlrcon-iich  rocks  may  occur  at  numerous  points  along  this 
old  shore  line.  Many  zircon-bearing  deposits  nay  be  covered  by 
later  sediments  and  some  may  have  been  removed  by  erosion,  but  it 
is  probable  that  others,  which  may  be  richer  or  poorer,  will  be 
discovered  along  the  contact  of  the  granite  and  gneiss  of  the  Pied¬ 
mont  Plateau  with  the  overlying  sediments  of  the  Coastal  Plain. 


Zircon-bearing  sandstone  deposit. — The  Ashland  deposit  has 
been  described  by  Schaller,  as  follows 

A  bed  of  zirconif erous  sandstone  is  exposed  about  3  miles  west 
of  Adjaland,  Va.  The  bed  does  not  crop  out  as  a  continuous  ledge,  but 
is  represented  on  the  surface  by  isolated  flat  fragments  or  bowlders, 
only  a  few  of  which  are  as  Aiuch  as  a  foot  long.  The  largest  bowlder 
seen rmeasurss  76  by  15  by  10  inches;  the  average  diameter  of  the 
bov/ldcrs  is  about  4  to  6  inches.  These  Isolated  fragments  and  bowlni- 
ders  are  found  in  the  clay,  gravel,  or  sand  soil  for  about  a  mile  north 
and  south  and  about  500  feet  east  and  west.  The  vertical  .thickness 
of  the  zone  containing  these  bowlders  does  not  seem  to  be  more  than  a 
few  feet,  although  there  is  almost  no  evidence  on  this  point.  The 
zirconif  erous  bov7lder6  seen  on  the  surface  would  not  wei^  altogether 
_ more  than  several  hundred  tons. _ _ 

62/  Scha.ller,  Wa.ldemar  T.,  Work  cited,  pp.  *20-21. 
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The  zirconif erous  bowlders  occur  at  the  "fall  line,"  or  Junction 
of  the  coastal  sediments  anc  the  igneous  rocl:s  of  the  Piedmont,  which 
are  less  than  a  mile  west.  The  hard  hro^vnish  bowlders  are  held  to 
represent  a  local  cementation  of  a  soft  saiidy  bed  which  was  found  in 
the  lower  uart  of  a  well  14  feet  deep  near  the  home  of  Benjamin 
Wright,  o/8  of  a  mile  southwest  of  the  Shelton  home,  where  these 
hardened  surface  bowlders  occur  in  greatest  numbers.  Tlie  Ba,nd  in 
Mr,  Wright's  well  contained  13  per  cent  of  zircon.  The  hardoned 
bowlders  found  on  the  siuface  for  a  distance  of  nearly  a  mile  showed 
a  gr0a.tly  varying  content  of  zircon,  the  marimum  being  30  per  cent. 

The  coii5)act  sandstone  contains  much  ilm.enite  and  quartz  and 
amallar  quantities  of  rutile,  ctaurolite,  hyanite,  feldspar-,  and 
other,  minerals .  All  of  it  is  cemented  by  bro’-Ti  limonite.  The 
density  of  the  sandstone  is  a  good  indication  of  its  zircon  con¬ 
tent;.  for  the  pieces  very  poor  in  zircon  wei^h  perceptibly  less 
than  those  rich  in  zircon.  A  collection  of  24  samples  of  the 
brown,  bowlders  from  the  northerniuost  exnosui'e  contained  only  0.5 
per  cent  of  zircon;  7  samples  from  another  rjlo.ee  yielded  3  per  cent 
of  zircon;  19  saa^-'les  from  another  -place  gave  12  per  cent  of  zircon; 
a  compact  brown  bowlder  near  Mr.  Wright's  house  contained  25  per 
cent  of  zircon;  and  the  average  content  of  32  pieces  of  fine-grained 
sandstone  from  the  Shelton  farm  contained  25  per  cent  of  zircon.  On 
the  other  hand,  17  samples  of  coarse-gradned  sandstone  from  the 
Shelton  farm,  similar  in  appearance  to  the  fine-grained  material  ex¬ 
cept  in  the  size  of  its  particles,  averaged  only  1  per  cent  of  zircon. 

Ten  samples  of  the  cloy  dirt  collected  from  the  well  on  the 
Shelton  farm,  at  2-ilDt  vertical  intervals,  contained  zircon  from 
a  trace  to  nearly  0,5  per  cent.  Only  tlu’ee  of  the  samples  yielded 
more  than  0,1  per  cent  of  zircon,  and  five  of  the  samples  had  less 
than  0,03  per  cent. 

The  occurrence  v/as  thoroufd^ly  tested  in  1912  by  G,  L.  English, 
who  surf:  a  number  of  pits  on  the  Shelton  farm.  In  one  of  these  pits 
a  solid  bed  of  the  zircoriferous  sandstone  was  found  7  feet  below 
the  surface;  in  the  other  pits  only  isolated  fragments,  of  the  hard¬ 
ened  sandstone  v/ere  found.  There  seems  to  be  ver,3r  little  evidence 
of  the  existence  of  a  continuous  bed  of  this  sandstone,  short  lenses 
a  few  feet  in  length  seeming  to  be  the  general  feature.  Most  of  these 
lenses  ha.ve  been  broken  up  into  isolated  fragments  and  bowlders,  and 
there  is  almost  no  evidence  of  a.  continuous  bed  of  this  particular 
rock.  Moreover,  the  diverse  cliaracter  and  zircon  content  of  the 
bowlders,  as  fou-nd,  show-  tlia.t  only  a  part  of  the  deposit  contains 
enou^i  Zircon  to  be  considered  a  possible  source  of  that  mineral. 

The  ver3'-  evidently  stratified  ch&.racter  of  the  bowlders,  many 
of  whiich  have  a  distinctly  layered  struct-ore,  indicates  that  the 
local  cementation  extended  for  horizontal  distances  of  about  10  feet 
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or  more.  The  problem  of  the  presence  or  absence  of  a  distinct  w  ell- 
defined  bed  a  mile  long  can  be  solved  only  by  a  detailed  study  of 
the  region,  involving  the  si.iking  of  numerous  pits. 

Z  ircon-bearin;?:  ^Je^:,matite  deposits. — In  the  well-known  p egraatites 
near  Amelia,  Airelia  County,  and  near  Gouldin,  Hanover  County,  in  the  middle- 
eastern  part  of  the  Piedmont  Plateau  province,  separated  by  a  distance  of  . 
approximately  40  miles,  are  large  raassefc  of  zircon.  According  to  Watson,—/ 
the  features  of  special  interest  in  connection  with  the  pegmatites  of  the 
two  localities  are:  (l)  its  occurrence  in  massive  forms  of  unusual  size, 
and  (2)  its  association  in  the  two  places  with  an  entirely  different  group 
of  the  rarer  minerals,  although  the  pegmatites  of  oach  area  are  of  granitic 
composition.  Zircon  and  apatite  are  the  only  rare  minerals  that  have  been 
found  alike  in  the  two  areas,  and  so  far  as  it  has  been  determined  the 
zircon  is  more  abundant  in  the  Hanover  County  deposit  than  in  that  of 
Amelia  County. 

T^he  following  descriptions  (given  in  part)  of  the  two  areas  are 
by  Watson:®!/ 

Amelia  County  area. — The  pegms.tite  bodies  occurring  near  Amelia 
County  have  long  been  known  for  the  variety  of  rare  minerals  found 
in  them,  many  of  which  were  of  unusual  size.  The  dikes  have  been 
Worked  from  time  to  time  for  a  long  period  of  years  as  a  source  of 
commercial  mica  and  feldspar j  and  to  a  less  extent  of  minerals  for 
the  gem  trade. 

The  country  rock  is  a  thinly  foliated,  moderately  dark-colored, 
fine-grained  biotite  gneiss  or  schist,  containiig  more  or  less  mus¬ 
covite.  Where  measured,  the  foliation  strikes  IT.  25®  to  30®  E.  and 
dips  40°  to  50®  H.  W.  Diabase  di>:es  of  Mesozoic  age  intrude  the 
rocks  in  places.  The  pegmatite  bodies  are  dikelike,  in  form  and 
nearly  vertical,  with  the  direction  of  trend  doubtful.  They  cut 
across  the  foliation  of  the  scnists,  and  the  large  ones  will  measure 
more  than  50  ft.  across.  They  are  cut  by  joints,  but  there  is  no 
evidence  of  schistose  structure  developed  from  metamorphism. 

The  pegmatites  are  of  granitic  (acidic)  con^posi tion,  containing 
feldspar,  including  the  potash  varieties,  orthoclase  and  green 
microcline,  and  the  soda  variety,  albite,  with  quartz  and  muscovite, 
and  a  large  number  of  rarer  minerals.  The  principal  rock-forming 
minerals  are  not  uniformly  distributed  through  all  parts  of  the 
pegmatites,  but  their  distribution  is  very  irregular,  first  one  and 
then  another  of  these  minerals  predominating  in  different  parts. 

The  albite,  occurring  in  splendid  crystallizations  as  reticulated 
platy  forms  of  bluish  white  to  white  color  a,nd  frequently  transparent, 
is  of  a  high  degree  of  purity.  .  ,  . _ 

V/atson,  Thomas  L.,  Zirco 'vBearing  Pegmatites  in  Virginia:  Am.  Inst. 
Min.  Eng.  Bull,  115,  July,  1916,  u.  1238. 

64/  Watson,  Thomas  L.,  Work  cited.  Dp.  1237-1243. 
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The  texture  o£  the  peo/iae.tites  is  £,rrna?ar  corsertal  rather  thaa 
graphic.  Miarolitic  cavities  aave  "been  observed  in  some  of  the  open¬ 
ings  ::iade  in  the  pegmatites.  One  of  these  vas  of  large  size,  the 
Walls  of  which  were  lined  with  cf'^'etals  of  sir.ohy  quartz  end  pure 
,  white  crystals  of  albite,  some  as  transpa^rent  as  glass. 

The  rarer  ndnerais  include  repreccntativec.  of  five  distinct 
chemical  groups:  (l)  Haloids ,  including  fluorite;  (0)  silicates, 
including  garnet  (spessartite) ,  blac?-:  tourmaline,  berj’’!,  helvite, 
allenite,  and  zircon;  (3)  niobater; .  including  columbite;  (4)  tanta- 
^a.te3 .  including  microlite;  end  (5)  pho3nh;.it6S ,  including  apatite  and 
monazite.  With  the  exception  of  fluorite,  tounr^iline,  and  zircon,  each 
of  the  minerals  has  been  ano.lyzed  rith  the  results  shovm  belov/.  Some 
of  these  minerals  have  been  found  only  occasioually  in  the  ^elia 
pegmatites  and  ere  very  rare.  Many  of  them  attained  unusmal  size, 
such  as  crystals  of  heryl  3  to  4  feet  long  end  13  inches  thick, 
colu]d)ite  in  ci^'stalline  masses  weighing  6  to  8  pounds,  allanite 
crystals  more  than  15  Inches  long,  microlite  in  masses  up  to  3  -oounds 
In  wei^t,  and  monazite  in  masses  larger  tlio.n  those  of  microlite. 
Zircon  has  been  noted  in  saT£^.ll  crystals  and  in  masses  weigjiing  sev¬ 
eral  poiuids.  Stibnite  orA  gal'^na  have  been  reported,  but  they  are 
extremely  rs^re  and  iiave  not  been  eeen  by  the  vriter.  .  .  . 

Hanover  County  area. — The  zircon- bearing  pegmatites  of  Hanover 
County  form  a  part  of  the  recently  discovered  but  fairlv  well-known 
rxtile  area  of  C-oochlrnd  and,  H''nover  Coionties,  which  lies  about  25 
miles  northwest  of  Richmond.  .  .  .  The  principal  roc]:  of  the  region 
Is  a  gneiss  of  variable  composition,  chief I7'  micaceous  (hiotite 
End  muscovite)  and  at  times  hornblendic,  cut  by  nximerous  pegmatites, 
some  of  '.■’hich  are  rutile-hearing,  and  a  variety  of  hr-xsic  igneous 
jrocks .  Microscopic  study  of  thin  sections  of  the  gneiss  shows  it 
to  conform  in  composition  to  an  original  acidic  igneous  rod:  of  the 
granite  type.  The  bemded  structure  is  secondary,  developed  by  re¬ 
gional  metamorohism.  .  .  . 

2 ircon  has  recently  been  found  associated  with  rutile  in  the 
pegmatites  near  Oouldin  in  the  Kar.over  portion  of  the  rutile  area.  . 
The  mineral  has  been  found  in  irregular  fragments  and  masses  up  to 
about  ,2.  pounds  in  wei^^it.  One  of  the  larger  masses  examined  by 
the  writer  appears  to  have  been  broken  from  a' large  crystal  of  the 
mineial.  Like  tne  other  constituents  of  the  pegniatites,  every 
specimen  of  the  zircon  studied  Sxiov.s  nia,shing' and  squeezing  from 
metamorohism.  The  color  is  irregular  even  in  the  same  ma-ss,  rang¬ 
ing  from  reddish-brown  through  grayish  to  colorless.  Although  a 
chemical  aiip.lysis  of  the  zircon  has  liot  been  ma.de,  laboratory  tests 
carried  out  on  a  number  of  pieces  of  the  mineral  shov;  it  to  he  quite 
pure.  Tlie  man;;’  pieces  of  the  mineral  found  on  the  surface,  due  to 
the  extensive  v/eathering  of  the  pegmatite  bodies,  encourage  the  be¬ 
lief  that  the  mineral  is  by  no  means. a  rare  constituent  of  the  dikes 
in  this  area  and  may  be  found  in  quantity  to  be  of  commercial  value. 
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Lee,  ^  in  his  discussion  of  hc-fnium- hearing  minerals,  stated 
that  ahydrated  zircon  from  An:herst  County,  first  described  hy  Iv'allett, 
was  under  examinc.tion. 


'i7a&hington 

Washington  lias  many  localities  in  which  the  presence  of  zircon 
has  been  noted,  chi efl.3'’  in  black  sands,  old  and  present  beaches,  pla.cev 
gravels,  etc.M/  The  individual  localities,  as  listed  by  Day  and  Richards ,§Z/ 
are  fa.r  too  numerous  for  citation  here;  the  counties  areas  follows:  Asotin, 
Chehalis,  Clallan,  Clarke,  Douglas,  Garfield,  Okcmogan,  Pacific,  Stevens, 
Thurston,  and  Whatcom.  San  Juan  Island  is  included  in  the  places  noted 
by  these  authors. 

Wisconsin 


Gosreau,  who  investigated  methods  of  ore  treatment  for  the  peg¬ 
matite  deposits  in  north-central  Wisconsin,  in  Marathon  County,  cppioxi- 
raately  11  miles  from  the  city  of  Wa'isau,  ha.s  giver,  the  following  report 
concerning  the  geology  of  the  district,  the  chejra.cter  of  the,  zircon,  the 
nature  of  the  tests  me-de  upon  the  ore,  and  the  results  deduced:^/ 

The  zircon  maneral  and  its  associated  minerals  and  rock  struc¬ 
tures,  ci.ysta.lline  shape,  and  habits,  are  described  by  Weidman,  from 
whose  reoort  the  following  desciiptive  data  are  tal--en:§2/ 

The  general  geology  of  the  district  consists  of  igneous  rocks 
of  dioritfc,  with  syenite  and  pegmatite  veins,  more  or  less  vertical, 
intiuding  the  diorite  rock  masses.  These  veins  are  of  var^’-ing  thic!:- 
ness,  not  definitely  known.  The  pegmatite  is  coa.rsely  crystalline, 
a  chara.cteristic  of  these  peginatites .  Several  varieties  of  the  sye¬ 
nite  occur,  as  well  as  several  mineral  phases  of  the  pegmatite.  The 
quartz -pegmatite  is  composed  of  quartz  and  feldspar,  and  it  is  the 
quartz-pegmatite  phase  that  carries  the  zircon.  Other  associated 
minerals  are  the  oxides  of  cerium,  thorium,  tantalum,  columbium,  and 
yttrium.  The  syenite  carries  some  small  crystals  of  zircon,  of  pure¬ 
ly  mineralogical  interest.  The  diorite  does  not  carry  any  zircon  , 
according  to  surface  examinations. 

The  system  of  pegnatite  dikes  or  veins  apparently  has  a  vridth 
on  the  outcrou  of  about  1,300  feet,  ai\d  the  strike  wgs  follcwed  for 
65/  Lee,  0  .  Iva,n,  Work  cited,  pp.  34-P,5. 

66/  Morris,  H.  C.,  Work  cite?.,  pp.  9-13. 

67/  Day,  David  T.,  and  Richards,  R.  K.,  T/ork  cited,  pp.  lcl6-lP20. 

68/  Gosreau,  R.  C.  ,  Recovering’  Zircon  from  a  Zirconif erous  Pe©Tiatite: 

Eng.  Min.  Jour. -Press,  vol .  119,  llo.  10,  Mch.  7,  1925,  pp.  405-406. 
69/  Weidman,  Sacuel,  The  Gcolog:.'’  of  Worth  Central  Wisconsin:  ^  sconsin 
Geol .  and  ITat.  Hist.  Survey,  Riall.  16,  Sci.  ser.  4,  1907,  581  pp. 
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a-Liout  2,0C0  feet.  The  strihe  of  the  outcropping  pe.:jiiatite.  ve.irB  is 
northwest-southeast,  hut  no  data  as  to  the  prohahle  dip  are  a  t  this 
tine  available. 

On  the  surface  the  pegmatite  is  much  v/ eathered ,  forming  a  resid¬ 
ual  soil  from  5  inches  to  3  feet  thick,  in  which  zircon  crystals  are 
found  plentifully.  Considerable  float,  in  bo’.vlders  as  large  as  10  and 
15  inches  across,  covers  the  area,  these  having  been  thrown  in  huge 
piles,  so  that  the  land  could  be  fa,rmed.  These  rock  pi]es  are  from 
75  to  100  feet  long,  30  to  40  feet  wide,  and  about  15  feet  high.  The 
bowlders  furnished  the  supply  of  zircon  for  the  milling  and  chemical 
treatment  of  tne  pegmatite  to  be  desciibed. 

An  analysis  of  the  aluminous-zircon  minera,!,  given  by  Weidmon, 
f  ollo’vs: 


Table  I  —  Typical  Analyses 


1 

2 

3 

Si  02 . 

.  28.87 

30.39 

31.01 

ZrOp . . 

60 . 89 

62.12 

AlpOg . 

. .  7.80 

5.11 

4.28 

J’epOg . 

.  4.47 

1.54 

1.21 

EpO  (red  heat) . 

.  1.61 

1.41 

1.76 

H2O  (105  deg.  C.) . 

.  0.43 

0.56 

0.24 

So .  Or . 

.  4.28 

4.30 

4.65 

Color . 

-brown  PaJe- yellow 

Occurrence . Coarse  pegmatite  Fine  pegmatite  - 

This  zircon  is  high  in  alumnna,  accounting  for  the  lower  con¬ 
tent  of  ZrOp,  and  giving  an  average  oxide  content  of  only  60.3  per 
cent,  against  57.1  per  cent  for  pure  mineral. 

The  apparent  quantity  of  rock  avaiilable  a,nd  the  fairly  high 
purity  of  tnc  mineral  suggested  tliah  mining  and  concentrating  into 
a  product  of  sufficient  ricluiess  for  commercial  uses  mi,g]:it  under 
favomble  conditions  be  profitable. 

A  lot  of  3,100  pounds  of  raw  rock  was  crushed  through  a  jfW 
crusher  to  ^-inch  and  sa:.7pl3d  carefully.  The  analysis  showed  15.9 
per  cent  of  ZrOg  and  26.4  per  cent  of  ZrSi04.  The  |-inch  rock  was 
then  groTUid  sufficiently  fine  to  release  the  zircon  f  rom  the  quartz- 
feldspar ,  matrix,  a  minus-35-  and  ^.pl-as-65-raesii  product  being  desired, 
though  the  crushing  and  grinding  equipment  was  not  controllable  to 
this  degree  of  accuracy .  .  ■ 

Water  was  added  to  iiiake  a  7  to  1  pulp,  which  was  fed  slowly  to 
a  Wilfley  table,  using  a  slight  inclination  and  a  long  sticks,  with 
plenty  of  wash  water. 
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.  .  .  The  silicate  was  calcalated  on  a  "basis  of  60.3  per  cent 
oxide  in  the  minero.!,  and  no  deduction  v/as  made  for  the  alumina,  con¬ 
tent,  which  was  constant.  Although  the  mineral  is  not  pure  zircon, 
the  alumina  content  is  not  thought  prejudicial  to  its  ultimate  use. 

I  liave  attempted  to  use  an  alurninate  "bond  and  a  zirconate  "bond  for 
zircon,  and  the  natural  alumina  content  may  have  considera'ble  value. 

Concentration  ratios:  vanner  concentrates,  12.5  to  1;  va.nner 
tailings,  12.2  to  1. 

A  pure  concentra*.te  rather  tha.n  high  recovery  was  here  sought. 
Sesults  should  "be  "better  in  a  cOiTimercial  mill.  The  products  con¬ 
taining  more  tliaji  30  per  cent  Zr02  seem  to  "be  suita"ble  for  a  re¬ 
fractory  material,  especially  the  vanner  products. 

The  specific  gravities  of  the  minerals  involved  are:  Zircon, 

4.0  to  4.7;  quartz,  2.3  to  2.7;  feldspar,  2,5  to  2.6. 

The  two  vanner  products  v/ere  com"bined  for  the  chemical  treat¬ 
ment.  This  product  averaged  51.1  per  cent  ZrOp,  thus  "being  S4.8  per 
cent  pure  mineral.  Considera'ble  iron  was  also  present,  which  was  re¬ 
moved  "by  chemical  treatment,  to  make  the  following  product: 


Per  Cent 


Per  Cent 

57.34  AI2O3  (free) 

95.00  SiOp  (free) 

0.30 


0 .65 
4.30 


This  final  chemically  treated  product  was  dried  and  ground  to 
120  mesh.  IThen  ground,  it  had  a  full  white  color.  Eoth  the  final 
product  and  the  concentration  products  from  this  treatment  of  the  rav; 
pegrmat  ite  were  studied,  tested,  and  found  suitable  for  the  follov/ing 
uses: 

1.  Bric'i^:  for  iron,  steel  and  glass  furnace  linings. 

2.  Cruci"bles,  muffles,  com"bustion  tu"b€S ,  insulating  tu"bes. 

3.  &j.rface  cement  for  covering  other  refractory  "brick, 
linings,  and  roofs. 

4.  Enamel  pigment,  for  iron  and  steel  covering  enamels. 

5.  Added  to  enamel  ware,  silica  and  stoneware,  to  in¬ 
crease  the  elasticity  and  the  strength. 

6.  To  prevent  devitrification  in  enameling. 

7.  Monolithic  lining  material  for  walls  and  hearths, 
and  patch  material  for  electric  furnaces  mcking  steel,  iron, 
ferroalloys,  and  "brass. 

8.  Fused  in  the  electric  a,rc  and  reground,  a  refractor, y 
of  high  quality  would  result. 

9.  A  "base  for  making  pure  white  zirconium  oxide. 

10.  An  ingredient  in  magnesia  and  alumLina  refractories. 
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V/yoming: 

The  blacl^:  sands  tested  ''oy  Day  and  .Richards  10/  in  the  State  of 
Wyoming  revealed  zircon  to  he  present. at  Sherman  and  Keystone,  Albany 
County;  Atlantic  City  and  South  Pass ,  Fremont  County;  Buffalo,  Johnson 
County;  Green  River,  Sweetwater  County;  and  in  the  Bald  Mountain  district. 

Canada, 


Very  large  crystals  of  zircon,  v/eighing  as  much  as  15  pounds, 
have  been  found  at  Renfrev;,  Ontario,  Canada.  The  surply  is  limited,  ac¬ 
cording  to  Venable. 21/  In  the  description  of  a  new  mineral,  lyndochite, 
of  the  euxenite-polvcrase  group,  from  L^mdoch  Township,  Renfrew  County, 
Ontario,  Ellsworth22/  states  that  among  the  associate  minerals  crystal 
aggregates  of  zircon  or  cyrtolite  occur  the  size  of  a  fist. 

Marden  and  RichZl/  report  that  zircon-  occurs  in  crystalline 
limestone  at  Grenville  (Argenteuil  County),  Q,uebec.  Zircon  syenites 
exist  in  Ottawa  County,  Q,uebec.2i/  Iii  the  limestone  that  surrounds 
the  essexite  of  Mount' Royal,  at  Montreal,  Quebec,  zircon  is  one  of  the 
minerals  that  result  from  the  effects  of  pneumatol.jHic  contact  meta¬ 
morphism,  21/ 


Mexico 


Zircon  is  fouaid  in  the  meteoric  iron  of  Toluca, 
Toluca,  State  of  Mexico,  Mexico .21/ 


district  of 


West  Indies 

In  a  geological  survey  report  upon  St.  Vincent ,22/  the  small¬ 
est  island  of  the  Windward  group  of  the  Lesser  Antilles,  the  author  states 

that  denosits  of  black  sands,  which  consist  principally  of  feldspar,  mag- 

70/  Day,  David  T.,  and  Richards,  R.  H.,  Woik  cited,  p.  1320. 

71 /  Venable,  Francis  P.,  Work  cited;  p.  13.  '  - 

73/  Ellsvrorth,  H.  V,,  A  17ev,'  Mineral  of  the  Euxenit  e-poly  erase,  Group  from 
Lyndoch  To’"nship,  Renfrev;  Countv,  Ontario:  Aim.  Mineral.,  yol .  13,  May, 
1927,  pp.  212-313. 

73/  Marden,  J.  W. ,  and  Rich,  M.  IT.,  Investigations  of  Zirconium  with 

Special  Reference  to  the  Metal  and  Oxide:  Bull.  186,  Bureau  of  Mines, 
1921,  p.  5. 

74/  Fox,  Qyril  S.,  ITotes  on  Titanium,  Zirconium,  Cerium  and  Thorium: 

Trans.  Min.  Gpol.  Inst.  India,  vol .  20,  pt.  3,  Feb.,  1^26,  Calcutta, 
1926 ,  p .  265 . 

75/  Gill  son,  Joseph  L.,  Wor?-'  cited,  p.  194.  . 

76/  Institute  Gcologico  de  Mexico,  Zircon  (ZrSiO^^):  Bol.  40,  Catalogo 
sistematico  dfi  especies  rninerales  de  Mexico,  Secretaria  de  I'ndustria, 
Comercio  y  Trabajo,  Mexico,  1923,  p.  251. 

77/  Earle,  Kenneth  W.,  The  Geology  of  St.  Vinc*ent  and  the  neighboring 
Grenadines:  Rept.  on  the  Geol.  of  St.  Vincent  and  the  ITei^boring 
Grenadines,  Kingston,  1923,  p.  5. 
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netite,  and  f erromar^esia:!  minerals,  contain  a  little  zircon.  A  narticu- 
larly  extensive  deposit  of  this  I'ind,  a-tont  a  mile  long.,  occurs  "bstveen 
Georgeto’..’n  and  31ac]r  Point. 


SGUTi:  AIviEHICA 


Brazil 


General  (Geological  and  L'ineralogical) 


The  States  of  Sao  Paulo  anid  i-.Iinas  Geraes  (in  the  so-called 
Ca.ldas  region)  yield  the  native  zirconium  oxide,  and  the  States  of  Bahia, 
Espirito  £  nto,  a,nd  Bio  de  Janeiro  in  the  teach  sends  yield  the  silico.te. 
A  deposit  of  zirconi\lm  (aoout  v/iiich  little  is^lnovcn)  is  reported  in  the 
State  of  Goyas,  also,  north  of  wlnas  Geraes .2§/ 


StCvtes  of  Sao  Paulo  and  Minas  Geraes. — The  ore  in  the  Cal  das 
region.  States  of  S.ao  Paulo  and  Ivlinas  Geraes,  forms  (according  to  a 
3ra,zilian  Government  Report)  the  following  groups 

1.  Rounded  pethles  containing  9C  to  9,3. per  cent  of  zircon  in 
the  form  of  dioxide  (ZrOp)  ,  hnov.n  ty  the  nsirae  "favas  de  zirconio." 

2.  Massive  minerals,  as  zirkite,  li^it- Drov7n ,  or  caldasite, 
dark-tlue  minerals,  '■'ith  a  va.riatle  percentage  of  zirconium  oxide, 

73  per  cent  in  the  first  mineral  and  80-85  per  cent  in  the  second  one. 


3.  A  good  method  of  enriching  "being  employed,  an  ore  vrith  80 
per  cent  zirconium  oxide  (haddeleyite)  is  obtained. 


Three  different  minerals  enter  into  the  composition  of  "Zirhite" 
(trade  name)  and  caldasite:  haddeleyite,  zirconite,  and  orvillite,  a.  new 
hydrosilicate  of  zircon. 


The  hea.ring  rock  is  not  well  known,  hut 


to  he  in  intimate  relation  with  nepheline- 
eudyalite  c.s  a  cha.ract eristic  constituent. 


nite 


the  mineral  is  thought 
that  contain 


rocks 


This  Brasilian  occurrence,  vliich  is  the  most  extensive  d  eposit 
of  zirconium  ]rno\.T ,  and  which  cp.n  sixrpl^''  industry  for  many  years,  is  in  a 
plateau  recgion,  partly  in  the  State  of  Mines  Geraes  and  partly  in  the  State 
of  Sao  Paulo,  e.pproximately  130  miles  north  of  the  Cit'’^  of  Sao  Paulo. 

Venable  describes  the  reelon  as  follo’.'s _ 

73/  Cameron,  C.  R.,  Americen  consul  general,  Sao  Paulo,  Brazil:  Tride  lette::; 
May  23,  1930,  to  Philipp  J-ros  .  (inc.),  233  Broadway,  ITew  York,  3\u'.  For. 
and  Dorn,  Com.  file. 

79/  Be  Oliveira,  Hrzehio  Paulo,  Zircon:  Min.  Res.  Brazil,  Service  Geol.  e 
Mineral,  do  Bra,zil,  Ministerio  de  Agriculture.,  Inaustria  e  Commercio, 

Rio  de  Janeiro,  19.30,  pp.  27-23. 
so/  Be  Oliveira,  Euzehio  Paulo,  h'orl'  cited,  pp.  27-25. 

61/  Venable,  Francis  P.,  Jork  cited,  p.  19. 
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The  nountaino\is  plateau  kis  main  elevation  of  3,600  feet.  The 
surface  is  undulating,  presenting  differences  in  level  from  300  to  600 
feet.  The  whole  area  is  ho'onded  on  all  sides  hy  ridges  rising  abrupt¬ 
ly  from  600  to  1,200  feet  above  the  general  level  and  forming  a  rough¬ 
ly  elliptical  inclosare,  with  a  mexjor  axis  of  approximately  20  miles 
in  length  and  a  minor  axis  of  15  miles.  The  predominant  rock  of  the 
plateau  is  phonolite. 


States  of  Bahia,  Sspirito  Sa 
de  Jrueiro  to  Baliia,  on  the  heacnes  of 
and  Hio  de  Janeiro,  zirconium  occurs 
cipally  in  monazite  sand.  "Cusps  of  b 
granite  headlands  and  bordered  by  Tert 
and  lagoons  ,  which  furnish  a  constant 
centrating  action  of  the  tides,  waye  a 
are  said  to  play  an  important  part  in 
sand  is  fouud  in  large  quantities  near 
where  it  laixs  been  mined. 


;itp_j^  and  hio  de  Janeiro. — From  Rio 


the  States  of  Bahia,  Espirito  Santo, 
s  san-.d  mixed  \;ith  silicates,  prin- 
he  beache^^rotseted  on  the  north  hy 
iary  bluffs  cut  by  various  streams 
■wash  of  fresh  material  for  the  con- 
ction,  and  trade  'winds,  which  latter 
the  final  result. This  zircon 
Victoria  (Sta.te  of  Espirito  Santo) , 


The  mona.zite  sand  is  reported  to  conta,in  aboiit  65  per  cent  of 
the  oxide,  occurring  as  ZrCp^SiOs.^/  Re  Oliveira  gave  the  following 
analj'-sis  in  the  Government  report  quoted  in  a  preceding  pa,ragraph:.§^ 


Per  cent 

Ilmenite  and  f errominerals  .  14.2 

Monazite  .  61,4 

Zirconite  . 20.7 

Qc-a,rt  2 . 0.7 

100.0 


History  of  the  Industry;'’ 

The  most  important  of  the  zirconium  ores,  baddeleyite,  w as 
discovered  in  1892.  It  is  not  known  'when  this  ore  was  first  mined.  How¬ 
ever,  according  to  an  American  representative  in  Brazil,—/  the  development, 
expansion,  and.  retrogression  of  the  Brazilian  zirconium  industry’' are  closely 
allied  with  the  World  War."  Before  the  war,  when  little  interest  xwa.s  mani¬ 
fested  by  anj)'  one  in  zircon,  the  ore  'was  shipped  to  Germany  in  ballast  on 
homeward-bound  vessels  end  used  in  the  manufacture  of  gas  mantles.  In  1914, 
the  German  Government,  which  had  been  buying  increasingly  large  amounts  of 
sand,  placed  an  o'idei  with  Mr,  Gordon,  a  producer,  for  2,000  tons,  at  his 
price.  This  action  of  the  Genram  Goverrunent  caused  Mr.  Gordon  to  make  an 
investigation,  the  res'nlts  of  which  convinced  him  that  the  Germans  were  ob- 
taining  from  the  sand  a  metal  that  formed  the  ba.sis  of  extremely  efficient 

92/  Morris,  H.  C.,  V/ork  cited,  pp.  9-13. 

33/  Cuneron,  C.  R.,  Work  cited. 

34/  De  Oliveira,  Euzehio  Paulo,  Worl:  cited,  pp,  27-28. 

35/  Dawson,  Claude  I-,  American  consul  general,  Rio  de  Janeiro,  Brazil: 

Trade  letter,  Jan.  26,  1929,  to  Sherlow  Chemical  Go.  (inc.),  136 
Liberty  Street,  Hev/  York,  H.  Y. 
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star  shells  and  f Ir.res .  Also,  a  f  ev;  months  after  the  beginning  of  the  war, 
the  British  Govemn.ent  discovered  the  presence  of  zirconinjn  in  the  metal 
of  German  gv.ns .  In  1915  the  Brasilien  industry  we.s  reac’ered  inactive  he- 
cau.se  of  the  readjustment  of  mo.rliets.  From  1915  on  e;<ports  were  made  to 
both  England  and  the  United  States.'  As  exports  and  production  figures 
for  those  years  are  in  aJmost  every  instance  identical!,  reference  is  here 
made  to  the  table  of  production  in  Bureau  of  Uincs  Information  Circula.r  .3455. 

The  follovlng  table  of  exports  for  1927  and  1923,  with  countries  of 
destination,  is  offered  by  CameronS^ 

• 

Exports  of  7irconiu.p  rninerals , 

1927  .and  1928 


1927 

1928 

Kilos 

Milrei&l/ 

Kilos 

Mi Ire is—/ 

Germjany 

United  Sta.tes 

Great  Britain 

France 

Argentine 

Belgium  . 
Netherlands 

8,000 

177,000 

24,950 

49,940 

800 

18:000$ 

13; 395$ 

2:125$ 

35:885$ 

320$ 

481 , 723 
25.4,000 
15,000 
10,200 
9,100 

147:712$ 

76:200$ 

5:000$ 

3:560 

2:730$ 

258,690 

70:225$ 

770,023 

236: 20  dp 

T7  The  Brazilian  customs  statistics  do  not  distinguisn  zircon  a:nd  frora 
zircon  ore,  so  that  there  are  no  available  da.ta  slio’.’ing  the  exports 
of  each. 


2/  In  1927,  the  official  rate  of  exchange  v/s.s  8$457  and  tiie  value  in 
dollars  $8,503;  in  1928  the  ra.te  of  exchange  was  6'5363  £.nd  the  value 
in  dollars  $23,244. 


Da\7son  says 87/  that,  wherea.s  the  readjustment  of  the  ma.rket  con¬ 
ditions  caused  a  decline  in  the  production  during  the  first  f  ev^  yec.rs  of 
the  W;.,r,  high  Prices  tended  to  expand  the  industry  during  1917  and  1913. 

The  comocarahively  hea.vy  shipments  in  1924  consisted  of  old  stodis  liqui- 
da^ted  at  good  prices,  Gaulin  said^-W  tha.t  in  1918  zircon  sand  v/£is  pro¬ 
duced  as  a  by-product  of  the  monazite  iiidustry;  that  in  1925  the  paraly- 
zation  of  the  moriuzite  industry  v/as  reflected  in  the  small  exports  of 
zircon;  and  tha.t  bj’-  1925  no  zircon  sand  i/as  being  mined.  A  1929  rep  ortiiS/ 
is  to  ^he  effect  tha-t  sma.ll  shipments  of  the  oxide  ore  are  being  mudo  from 

the  port  of  Sa.ntos  to  ITew  York  and  Engla.nd,  at  a  price  of  $60  a.  ton  at _ 

Ca-m.eron.  C.  H.,  Vlor'i^  cited. 

Bavfson,  Claude  I.,  Woiia  cited. 

Gaulin,  A.,  Americou  consul  .genera.l,  Bio  de  Jaueiro,  Brazil,  Zircon  a.nd 
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37/ 

K/ 


89/ 


Zirconia  in  Brazil: 

Dom.  Corn,  file  184825. 

Eawson,  Claude  I.,  Uori.  cited. 


Consular  Rept . ,  Sept.  5, 


1925,  Bur.  of  For.  and 
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Santos;  that  the  zircon  sand  mines  near  Victoria  are  not  heinf;  mined,  the 
o’.Tners  not  being  ’■■illin';;  to  resume  operations  until  thev  are  able  to  ob¬ 
tain  an  order  for  at  least  250  tons,  to  be  shipped  in  lots  of  20  tons,  at 
a  quoted  price. of  600  milreis,  f.  o.  b.  Victoria,  to  be  packed  in  sacks 
of  60  kilogra.ms.  each.  Dav/son  sa.7S / 

It  Y;ill  be  noted  thc.t  the  quotations  given  above  are  much 
higher  than  the  average  values  per  ton,  as  shovm  in  the  official 
export  statistics.  Either  the  offici.il  qviotations  given  above 
•  are  higher  than  the  actual  seJes  prices,  or  the  consular  invoice 
values  do  not  properly  indicate  the  actua.1  value  of  the  merchan¬ 
dise.  This  is  all  the  more  significajit  as  the  quotations  f.  o.  b. 
Victoria  giver,  in  September,  1925,  are  substantially  the  same  as 
those  quoted  to-day,  thct  is,  600  milreis  per  ton,  while  the  aver- 
o.ge  value  per  ton  for  that  year  is  274  milreis. 

Mining 

The  deposits  in  the  Caldas  region,  consisting  of  outcrops  of 
zirconia,.  are  mined  b;'-  bla.sting  with'  dyiiaraite.  Erom  these  deposits  the 
ore  is  transported  about  20  kilometers  by  certs,  loaded  on  railv/n.y  cars 
at  Cascatas ,  .and  shipped  over  the  Paulista  Railv;ay  to  Campinas,  thence  , 

over  the  .Sao  Paulo  Railway  to  Santos,  a  total  distance  of  about  230  miles.—/ 

Of  the  beach  deposits  (States  of  Beliia,  Es;oirito  Santo,  and  Rio 
de  Janeiro),  those  near  Victoria,  Sta.te  of  Espirito  Santo,  mined  eis  a  by¬ 
product  of  the  monazite  industry,  were  surface-mined  or  quasi  surface -mined , 
there  being  an  overburden  of  about  2  meters  of  ordinar/  qua,rtz  sand  e.nd 
underlying  layers  of  ilmenite,  zircon,  and  monazite,  in  the  proportions  of 
33  :  25  :  10,  respectively.  The  product  w.as  easily  mined.  Electromagnetic 
separators  were  used  to  extrcict  the  three  elements,  first  the  ilmenite, 
then  the  zircon,  and  finally  the  mona.zite.  The  usual  run  of  the  mines  was 
90  per  cent  zircon.  It  is  reported  that  the  average  contents  of  the  zircon 
se,nd  is  63  per  cent  oxide  (ZrOp:  SiOs) 

Ov^ners 

Deposits  in  the  Caldas  region  are  controlled  by  Byington  h  Co., 
Largo  da  Misericordia,  6,  Sao  Paulo,  Brazil  (iTew  Yorh.  office,  155  Broadway), 
in  conjunction  v/ith  David  McKni^lit,  Al-ameda  Barros ,  36,  Sao  Paulo.  These 
deposits  of  zircoxiium  dioxide  ores  are  near  Casc.atas  and  Pocos  de  Calda?, 
in  Minas  Gero.es,  on  the  border  of  the  Stoite  of  Sao  Pc.ulo. 

Another  denosit  in  this  region,  o.t  Sao  Joao,  State  of  Sao  Po.ulo, 
was  operated  during  the  v/ar.  Becoiuse  of  legal  aiff erences,  its  lessors, 
Messrs.  P.  S.  Nicholson  &•  Co.,  of  Rio  de  Janeiro,  abandoned  their  interest  in 

the  mine;  so  it  is  no  longer  operc.ted.j^/  , _ ; _ _ 

9o/  Dawson,  Claude  I.,  T/orl:  cited. 

9l/  Cameron,  C.  R. ,  VJork  cited. 

92/  Dawson,  Claude  I.,  Work  cited. 

93/  Cameron,  C.  R.,  Work  cited. 
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The  monc-zite  deposits  near  Victoria,  State  of  Espirito  Santo, 
are  ouned  by  Messrs.  P.  S.  Nicholson  &  Co.,  R\ia  Theophilo  Ottoni,  45, 

Rio  de  Janeiro  (S.  R.  Scott  &  Co.,  31  Pine  Street,  Nev;  York  City,  Arr.er- 
iccji  agents),  rjid  Jolm  Gordon,  Rua  Visconde  Itaborahy,  75,  Rio  de  Janeiro, 
Brazil. M/ 


Cost  of  Production  and  Shipping 

According  to  Dauson,^^  no  i'lforraation  is  available  concerning 
the  cost  of  production  of  zirconium  ore  mined  in  Sao  ?;-ulo.  The  cost  of 
production  of  zircon  sand  (near  Victoria,  State  of  Espirito  Santo)  s 
reported  in  the  la.ttcr  part  of  the  year  1927  to  be  as  follous: 

Cost  per  ton 

in  milreis 

Cost  of  production  22$000  per  bag 
of  60  kilogrcms — 16^  bags  per 


ton — equal  to .  357$000 

Transport at ion  to  dock  Victoria  .  44$000 

Cost  of  sacks  (at  2i!:000) .  32$500 

Export  tax  .  .  10 $000 

443$500 


Cost  in  dollars 

Cost  of  production  in  dollars  at  exchange 


of  8$500  per  dollar  .  $52.13 

Erei^t  to  New  York .  10.00 

Miscellaneous  ship-.ing  charges .  3,00 

64.13 


British  Guiana. 

Concentrates  from  placers  in  the  Berbice  district,  of  British 
Guiana,  contain  a  small  proportion  of  zircon  and  a  high  p roportion  of 
rutile.  Small  concessions  have  been  granted  to  ena,ble  further  prospect¬ 
ing  to  be  c  one,  but  no  ne'.7  developments  have  been  recentl:'"  recorded ..2^ 

94/ Dauson,  Claude  I.,  Work  cited. 

93/  Da\7Son,  Claude  I.,  Work  cited. 

96/  Bulletin  of  the  Imperial  Institute  (London),  Recent  Research  on 

Empire  Products;  Mineral  Resources,  British  Guia;.n.:  Vol.  27,  No.  1, 
London,  1929,  p.  191. 
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g-rir'big-. 

In  the  report.^?/  ox  a  feological  .survey  of  tiie  Gamhi?.  '  3r  itish 
West  Africa),  the  description  of  the  cliff  and  v;ell  sections  rsclds,  "Heavy 
minerals  are  vtiv^r  scanty,  except  in  the  giit  and  conglomerate  of  the  Upper 
River.  They  consist  chiefly  of  ilmenite,  magr.etite  arid  other  iron  oxides,, 
and  zircon,  with  toiumaline,  st?.urolite,  and  ratile  in  much  smaller 
quantities . 


In  the  21  concentrates  oht.ainod'.l^  panning  mterial  from  gutters 
and  streams,  in  vThich  there  o.ppeared  to  have  been  some  concentra.tinn  of 
heavy  minerals  by  nc.tipe,  magrietite  and  ilmenite  were  the  most  r.bund'.  nt , 
with  zircon  second. 2^ 

Gold  Coast  . 

QQ jA  geological  survey  bulletin  of  the  Gold  Coast  (British  West 
Africa)-^'  lists  zircon,  with  the  minerals' most  frequently  found  i  n  con¬ 
centrates  o  btained  by  pann-ing- the- gravels  and  SD.nds  of  the  countiy  . 

•  •  •  •  Madagi-vFear . 

A, map  accon^anying  a  Government  report  of  Madagascari22/  iiilicates 
zircon  deposits  r.t  end  to  the  east  of  Arbc.lavara,  Beforoiia  ,  and  Vatomendry, 
which  are  .near  the  east-central  coast;  a]  so  at  And^dc.atohitsoka  and  to  the 
east  of  Fiaiiarantsoa,  in  the  neighborhood  of  Ampanobe  and  Ambalavao,  the 
latter  plr?c  es  all  being  .in  the  &outhei..stern  p.art  of  the  island. 

Sircou,  occurring  rather  abi^ndantly  in  Mad.agascar,  is  found  in 
pannings,  for  the  iiiost  part,  in  tiie  form  of  transparent  or  slightlj’’  colored 
cr'.'^tals,  having  a  very  bright  luster.  It  is  found,  liltav.dse  in  the  many 
alluvials  Of  the  islr.nd  i.n  the  form  of  crysteXs,  square  or  octahedral  in 
form.  The  workable  deposits  known  at  the  present  time  are  those  located 
in  the  vic'nity  of.  Eefrona,  of  which  M.  B'r-.rbe  is  the  proprietor,  and -the ^<5  ,tp 
the  weet  of  riuiai\.,ntsoa,  of  which  M.  Gauge  is  the  proprietor.  The  zircon' 
exported  from  Madagr.scar  assays  ,6;^ tjD  63  per  cent;  some  crystals,  hov/evor, 
57/  Cooper,  u ,  G.  G.  ,  Eeporo  on  a  Rapid.  Geological  Survey  of  the  Ga.'it)  la , 
British  West  Africa:  Gold  Coast  Geol .  Su.rve7Ball.  3,  London,  1327, 
p.  15. 

98/  Cooper,  W.  G.  G.,  Work  cited,  p.  13. 

29/  Kitson,  A.  E. ,  Minerals  in  Concentrates; -Cn.vtlinee- of  the  Minera.l  end. 
Water-Pover  Eesoru’ces  of  the  Gold.  Coast,  British  West  Ai'rica,  with 
Hints  0  n  prospecting:  Gold  Coast  Geol.  Surv ey- Bull. •  1,  8-1  Pretoria 
Rood,  Streathajn,  SW.,  1323,  p.  40.^ 

lOO/Bulletin  den  Mines  do  Madagascar,  A  Propos  du  Zircon:  Bull.  12,  Dec., 
1923,  Direction  des  Mines,  Gouverrement  Gener.al  de  i^ad.agascar  et 
Dependances,  Tananarive,  1923,  pp.  217-213. 
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have  shown  '07  analysis  90.7  per  cent.  The  difference,  therefore,  "between 
this  zircon  cjid  that  from  Brazil  lies  chiefly  in  mechanical  preparation. 


Lacroix  discusses  the  wo 
mated  that  some  thousands  of  tons  . 
ceding  paragraph,  as  foil ov/s:  121/ 


rhahle  deposits  (in  which  it  is  esti- 
are  available) ,  mentioned  in  the  pre- 


M.  Barhe  reported  th.it  he  can  produce  15  to  30  metric  tons  of 
zircon  monthly  from  gold-hearing  gravels  on  the  Fanavana,  a  sm.al  1 
hra.nch  of  the  Beforona  Eiver.  The  zircon  consists  of  small  brov;n 
cyctahedrons ,  1  to  5  millimoters ,  or  1/24  to  l/3  inch,  in  diameter. 


The  Beforona  deposit 

M.  Gauge  discovered, 
15  centimeters  (6  inches) 
Saulnier,  a  copropriotor, 
hector  es  to  the  north  and 
Ivlancinbovona  and  the  massif 


is  ne-.ar  the  railroad  leading  to  Tanarive. 

southwest  of  Solila,  zircon  cr^/stals, 
long,  v-eighi.ng  several  hilograms.  M. 
says  that  the  mineral  is  found  over  15,000 
south  of  Mananantanr,na ,  between  the 
of  Iigaro,  notably  at  Mount  Ampanobe. 


The  zircon  is  found  in  great  abundance.  The  beds  are  4  meters 
deep.  The  zircon  exists  on  the  surface  in  a  state  of  ccncentr.at  ion; 
but  the  loiTness  of  the  grade  is  compensated  for  by  the  great.-axteht 
of  the  beds.  The  perfection  of  form  and  the  sharpness  of  the  angles 
of  the  crystals  indicate  an  alluvial  deposit.  Indications  are  thxat 
the  ^  posit  in  place  is  a  pegr;E,tite. 


Transport  from  the  Manancantanana  offers  much  difficulty. 

V/ith  respect  to  the  gem  gr.ade  of  zircon,  Lacroix  saysl22./  that 
zircon  crju  tals  resembling  those  of  Ceylon  occur  in  the  region  of  Itrongay, 
where  he  found  tv-o  transparent  specimens:  one  a  violet  stone,  resembling 
axinite  in  color,  perfectly  clear,  v/sighing  13  carats;  the  other  a  stone 
of  greater  size,  but  a,  bit  frosty  in  appearance. 

The  reddish- orange  crystals  of  zircon  collected  in  the  basaltic 
alluvials  of  Ankaratra  only  occasionally  furnish  usable  stones. 

.  ITamaqualand 

Rogers, in  giving  his  results  of  the  microscopic  study 
of  200  rocks  of  K2maqual.and  (German  Southwest  Africa)  reports  zircon  in 
the  norite,  in  the  augite-diorite,  in  the  mica  dioritc,  a.nd  in  the  granite 

rod’-s . _ _ _ 

101/  Lacroix,  A.,  Les  Industries  niin^rales  non  metallifires  Me.dagascar: 
Paris,  19.20,  up.  5.2-58. 

103/  Lacroix,  A.,  Les  Pierres  de  Madagascar;  Genmes  pierres  d'omementa- 
tion,  pierres  d '  indixstrie,  Paris,  1921,  u.  36. 

105/  Rogers,  A.  7.,  The  I'ature  of  the  Copper  deposits  cf  Little  Hcjnaqaa- 
land:  Anniversary  Address  by  the  President;  Minutes  of  the  Proceed¬ 
ings  of  the  Geol .  Soc.  of  South  Africa:  Proc.  Geol.  Soc.  South 
Africa,  Jan.  to  Dec.,  1916,  Jehinnesburg,  1917,  p.  22. 
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!Tir"3ria 

ITortiiern  Hi'.rei'’ ia- — prof,  "aidhaip.  Dansta,n  has  liiado.  a  nwher  of 
s-urvs3  s  of  the  niinerals  of  Northern  I'Tigori.:..  Tho  s-urveys  ^'Tere  aado  of 
the  concentrates  of  river  beds  for  the  -p\H’pose.  of  detecting  inonazite  and 
tnoria  chiefly,  out  the  presence  of  zircon  is  reported  in  man^'"  of  the 
localities  studied. The  reports  a,re  far  too  detailed  for  even  a 
digest  here. 


Southern  IT igeria. --Under  the  heading  of  "Concentre.tes, "  zircon 
is  mentioned  as  one  of  the  stones  of  tho  river  beds  in  a  number  of  reports 
ma.de  by  Professor  D'unsta.n  upon  miner.-.l  surveys  made  of  Southern  Nigeria.. 
(The  concentrates  vere  examined  for  their  rnonazite  and  thoria  content 
chiefly.)  These  reports,  beginni-ig  in  1S06,  cover  a  nUiV-bei'  of  years  a.nd 
arc  rather  detail no .1Q5/ 

Nyasa..la.nd 

Tliree  reports  by  Dunatanli}^/  record  the  occurrence  of  zircon 
in  the  Protectorate  of  Nyasaland  (Sritish  Central  Ai'rica). 


idiodcsia 


Q-eneral . — With  respect  to  zirconium-bearing  ores  in  Bhodesia 
in  general,  ZeaJley  has  reported  as  follov^s :.iQZ/ 

Baddeleyite  is  not  .mnoru  to  occur  in  iDiodesia.  Zircon  is  of  such 
v'idespread  occurrence  that  if  ,-;ra.iite  soil  in  any  part  of  Hliodesia 
be  panned,  a  tail  of  minute  gray  or  reddish-brown  zircon  crystals 
rill  be  noted;  whilst  pannings  of  the  sand  in  the  beds  aiid  banl:s 
of  granite  spruits  will  afford  a  :.nich  larger  concentrate.  There 
are  suen  enomous  tracts  of  graiiite  in  Bhodesia  that  the  mineral 
could  be  recovered  in  large  quantities.  Tv/o  occurrences  exar.inei 
by  the  writer  in  1917  apuear  to  be  worth  commercial  investigation. 

These  are  at  Hillside,  Bulawayo,  a.nd  in  the  stream  enurses  around 
Busape.  ,  The  Hillside  syenite  contains  much  m.ore  zircon  than  most 
granite  rochs  in  Bir^odesia;  moreover  the  mineral  appears  in  rmich 
stouter  crystals — they  may  be  as  big  as  l/3  inch;  they  are  lustrous 

_ and  generally  redd i sh-brown.  but  'oart]y  colorless  lihe  giiertz. _ 

104/  Dunstan,  Wy-idhem,  Reports  on  the  Mineral  Survey  of  Northern  Nigeria: 
Colonial  Repts.,  Misc. ,  1904  to  1907,  inclusive.  Imperial  Institute, 

London. 

105/  Diinstan,  Wyndhrm,  Reports  on  the  Mineral  Survey  of  Southern  Nigeria; 
Colonial  Repts.  Misc.,  1903  to  1914,  inclusive.  Imperial  Inst., 

London. 

106/  Dunstan,  Wyndham  R.  ,  Report  on  the  Results  of  the  Mineral  Survey: 

Colonial  Reuts.,  Misc.,  NqS*  40,  GO,  o.nd  80,  1906-7,  1907-0, 

1908-9,  London,  1903,  1909,  and  1911.  V 

107/  Zealley,  A.  E.  V.,  Zirconium  Ore:  Rept.  Rhodesian  Resources  Comm. 

1921,  Bulawayo,  1921,  up.  130-131. 
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Specimens  and  information  fro  Rucr’oc  indicate  that  zircon  is  an 
abundant  constituent  of  i^ranite  sands  and  sr^ruits  in'  that  region. 
The  concentrates  contain  corundv;'.,  nairnetite,  ilm.enite,  scheclitc, 
epidote,  liAoiratite,  hornblende,  tourmaline,  spilienc,  rutile,  and 
several  other  lainerals,  all  in  sm;a,ll  quantities  escce pt  the  iron 
minerals,  which  could  be  removed  by  magnetic  concentration.  *  * 


Southern  lU'iodesia — Small  ouantities  of  ilmenitr,  zircon,  and 
rutile  are  uresent  in  the  concentrates  of  ore  from  Eileen  Alannan  mine, 
as  ascertained  by  analyses.  The  mine  Eileen  Alannali  is  northeast  of 
Gcifcooraa,  in  the  Eiffel  Flats  group  of  .mines.  The  general  description 
of  the  region  in  which  this  mine  is  located  is  that  it  is  east  of  G-atooma, 
and  that  it  lies  east  of  the  Bulawayo-Sa.lisbury  Railwa3t  line,  which  runs 
in  a  northeast  direction  from  Umswesre  Sidi:'.ig,  through  Gatooma,  to  Hartley- 


103/ 


Zircon  is  mentioned  in  a  discussion  of  the  petrography  of  the 
greenstone  schists  (under  which  ter.m  are  grouped  a  number  of  m.etam-or-piiic 
rochs,  commosed  largely  of  hornblende)  of  the  Enterprise  Minera.1  3elt 
(Enterprise  is  a  popula.r  naine  for  the  farming  and  mining  district  situated 
directly  ea,st  of  SaJisburjr) .  The  mineral  belt  is  a  striu  of  country  ex¬ 
tending  east  from  St.lisbury  for  a,bout  35  miles,  and  mec,sui'ing  approxiiuatcly 
8  miles  from,  north  to  south.  The  mineral  belt  forms  uart  of  the  Sa.lisbury 
mining  district. 

A  Sample  of  epidiorite  with  the  massive  tj^-pe  of  hornblende  from 
a  hill  3/4  mile  west-southwest  of  Ciiishawasha  Mission  conta,ins  regulam 
inclusions  of  quartz,  as  well  as  of  a^ua-tite  and  zircon,  the  last-named 
being  surrounded  b}"-  pleochroic  ha.loes.  On  Pa.ther  Hartman's  farm  the  pro¬ 
portion  of  zircon  is  epidiorite  was  high.i^/ 

In  a  description  of  the  geology  of  the  diamond- bearing  gra.vels 
of  the  Som.abula  Forest,  under  the  hea-dir^g  "Karroo  Sj’stec,"  londer  the  sub- 
hea^ding  "Mineralogy  of  the  Concentrates,"  is  the  following: 

Zircon  is  ara  uncommon  constituent  of  the  concentra.tes.  It 
forms  pale  chocolate-colored  crystals,  vdtli  pyramida-.l  cleavage. 

Zircon  commonl3^  occurs  in  Puiodesian  granites,  nota,bl3'-  in  the  neigh¬ 
borhood  of  ?iusa,pi. 


Somabula  Forest  forms  a  narrow  belt  1  to  10  miles  wide,  stretch¬ 
ing  in  a  northwesterly  direction  for  a,  distance  of  70  miles  and  more,  its 
range  being  controlled  by  the  distribr\tion  of  the  Somabula  beds.  Tlie  part 
of  the  Somabula  Forest  dealt  with  in  the  report  lies  between  19^  20*  and 


108/  Zealley,  A.  F.  V 

East  of  Gatoomam 
1S13,  p.  19. 

109/  Maufe,  H.  B.  ,  Tlie  Geology  of  the  Enterprise  ilinoral  Bolt: 
Africa  Geol.  Soc.  B\xll.  7,  Salisbury,  1920,  pp.  14  and  17. 


Preliminary  Report  on  the  Geologj’"  of  the  District 
S outlier n  Eliodesia  Geol.  Surve-p  Ball.  1,  Bulawaj^’O , 


South 
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19°  50'  south  latitude  and  hetv'een  29°  50*.  and  29°  50'  east  longitude.  (Por 
a  fuller  descr.iution,  see  nages  9  and  10  of  the  article  referred  to  in  thd 

footnote.  ■ 

Sone^l  ■  •  ■  ■ 

Black,  fine,  and  heavy  sa,nds  on  the  coast  of  the  Senegal  (French 
TTest  Africa),  called  iL.ienite  sanvds,  and  .generally  sold -for  their  titanium 
content,  in  some  pla,ces  conta,iu  more  zirconiuin  than  titaniun,  the  average 
in  one  concession  heing  29  per  cent  zirconium  and  28 "per  cent  titanium. 

These  sand  deposits  are  Imown  to  occiar  on  the  ocean  "beach  in  the 
vicinity  of  Dakar  (at  Bufisque,  15  kilometers  across  the  bay  from  tlnat  city, 
and  at  Joal,  about  100  I^ilometers  south  of  Dfiiar  );  sou  oh'  of  the  villag'e  of 
Dia"'ronar,  in  the  vicinity  of  Bargny  Guedje,  Dioguc,  Thies,  and  St.  Louis; 
and  on  the  borders  of  Mata;ii  and  Bokel. 

Sierre  Leone 

A  Government  report  qf  the  Protectorate  and  Colony  of  Sierra 
Leone  (British  West  i'zfr ica)iii/  states  that  a  few  small  brilliant  crystals 
of  zircon,  as  well  as  corundtuii  and  sapphire,  were  found  in  the  gravels  of 
the  Little  Sc.arcies  River,  for  a  few  miles  below  the  conjunction  of  this 
river  with  the  Ma'Dole  River.  Tlie  principal  minerals  of  these  sands,  how¬ 
ever,  were  rutile  and  ilmenite. 

Uganda. 

Tlie  Uganda  Geological  Survey  reuortsii^/  that  zircon  occurs  v/ide- 
ly  but  is  a'Duiad.ant  in  only  one  area  in  the  Uganda,  Protectorate  (British 
Fast  Africa) • 

As  the  result  of  a  geological  investlgat ion  of  a  portion  of  the 
northern  spur  of  Ruwenzori,  -orincipally  on  the  western  side  of  the  rnoiontain 
(from  the  La.rimi  River  in  a  soufchwesterlj’-  direction  to  tho  Lami.a  .River), 
but  odso  in  a  small  area  or.  the  eastern  side  of  the  mountain  (irora  the 
Mpanga  River  in  a  southwesterly  diroction  to  the  Ryabuswa  River) ,  and 
also  several  m.iles  out  frora  the  moukaln  foot  in  Bwf’iriba  Province,  the 
report  wa.s  that  the  gr-^vels  from  ne-arly  all  the  streauus  and  valleys  yield 
yery  large  concentrates,  composed,  of  coa.rse  s^^bargular  magnetite  andJ.^Braa- 

tite,  with  a  smaller  a^aouet  of  gomnet,  zircon,  and  ot'ner  raincrals.ik--’^/  _ 

110/  Ivlacgregor,  A.  M.  ,  Tne  Gcolog,y  of  tho  Diamond-Bear i:ig  Gravels  of  the 
Soma'oula  Forest:  Southern  Eliodesia  Goql.  Soc.  Bull.  3,  So.lisbur^p 
1921 ,  p.  26.  . 

Ill/  Report  of  the  Geological  Department  for  Part  of  tne  Ye?-!*  192?  and 

for  the  Yes-r  1923,  Geological  Denartraent  of  the  Colony  ahd  Protector- 
■•.ate  of  Sierra  Lecne,  Freetown,  1929,.  pp.  14-15. 

112/  Uganda.  Geological  Survey  A.inu.'„l  Report.^;,  1920  and  1925. 

113/  Combo,  A..  D.  ,  Field  work — northern  Spur  of  Ruwenzori  and.  Pert  of 
Bwamba,  I^ay  29  to  August  19;  Ann.  Rept.  Geol.  Survey  Dent.,  1924, 
Uganda  Protectorate,  Entebbe,  1925,  p.  6. 
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Mauy  of  th.e  concentrr.tes  from  streams  in  the  Province  of  Karamoja 
show  grains  that  are  easily  recognizable  as  zircon.  The  grains  are  bright 
in  luster  o.nd  are  either  colorless  or  uin'rish  or  pale-bro'.Tn  in  color.  Many 
of  them  are  crystalline  in  form.-:^: — -I 

Hirst  reportaii^/  that  three  distinct  habits  of  zircon  occur  in 
the  valley  of  the  Kafu  River,  and  that  apa.rt  from  gold  it  stands  second 
in  abundance  amoixg  the  minerals  in  the  normal  concentrates. 

Union  of  South  Africa 


G-eneraJ . - -iyindgr en .  in  a,  discussion  of  dirjnonds  in  his  worn  on 
mineral  deposits lists  zircon  witn  other  minerals  found  in  the  blue 
ground  of  the  Kimberley  pipe  in  tlie  Kimberley  diamond  field.  Tlie  blue 
ground  is  the  still  unoxidized  layer  under  the  decomposed  serpentine,  or 
yellow  ground,  which  is  near  the  surface. 


The  Kimberley  diamond  field  in  South  Africa  lies  iia  the  northern 
part  of  Cape  Colonj’-  and  the  adja,cent  pent  of  the  Orange  Colonj^.  Another 
district  centers  at  j^erfentein,  in  the  Ora,nge  Colony;  still  another 
centers  at  the  Premier  nine,  near  Pretoria,  in  the  Transvaal. 

Cane  of  Good  Hone. — In  wash  from  molteno  beds  (as  sho’TU  by  a, 
specimen  from  Molteno)  the  diamonds  are  accompanied  by  red  garnet,  rutile, 
and  numerous  other  uiineraAs,  all  of  a  size  similar  to  that  of  the  diamond, 
the  zircons,  aaiatases,  and  rutiles  being  fresh  and  sharp.  Zircon  is  plenti¬ 
ful  in  little  -jrisms,  terminated  at  both  ends,  and  having  very  strong 
blacl"  borders .  1^.7/ 


In  a  description  of  the  geology  of.  the  districts  of  Prieslia, 
Zenhardt,  and  Carnarvon,  Rogers  and  Uu  Toit.ilm/  in  discussing  the  I.j?.ry- 
dale  beds  of  the  Kheis  Series,  mention  zircon  in  a  gray  schistose  roch 
formed  of  quartzite,  biotite,  sillir'anite ,  m.agnetibe,  and  a  little  feld¬ 
spar,  on  Lower  Rooi  Puts,  in  the  Rooi  Puts  belt.  G-ra.ins  of  zircon  were 

observed  in  the  interstitial  matter,  together  with  allite,  microline. _ 

114/  Siremons,  U.  C.  ,  Laboratory  Uorh;  Rare  Earth  Minerals:  Ann.  Repc. 

Gaol.  Survey  Dept.,  iyS6,  Uganda.  Protectorate,  Entebbe,  192?,  p.  35. 
115/  Hirst,  T.,  Sumiiiary  of  Worn  Carried  out  in  the  Kafu  Valle^'’  in  1926: 
A;in.  Rent.  G-eol.  Survey  De-ot.,  1925,  Uganda.  Pi  otectora.te,  Entebbe, 
1927,  p!  17. 

116/  Lindgrsn,  Waldcmcir,  Mineral  De-oocits:  2d  ed.  ,  ’.icG-raw-IIill  Booh  Co. 
(Inc.),  Hew  Yorh,  1919,  pp.  737-7'.;3. 

117/  Schwarz,  Ernest  H.  L.  ,  Eiamonds  fro..i  the  Molteno  Beds:  Trans.  Geol. 

Soc.  South  Africa,  vol.  19,  Joliaimesbm'g ,  1916,  un.  33-35. 

118/  Rogers,  A.  W  .  ,  and  Du  Toit,  A.  L.  ,  Geologic  Survey  of  Pai'ts  of 

Zenhardt,  Priesha,  ajid  Carnarvon:  14th  A.'U'i.  Rept.  Geol.  Carm. ,  1909, 
Cape  of  Good  Kope  Dept,  of  Agriculture,  Cape  Toirn,  1910,  op.  9,  27, 
and  42. 
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quartz,  colorless  i^aruet,  Tn-ascovitc- ,  biotite,  and  magnetite,  in  the  mass'’ 
of  pebDlv  grit  and  qu£>.rts3te  lying  j.n^  the  gneiss,  partly’-  on  Piet  Eissteen-'s 
Kuil,  and  partly  on  Piet  Pool's  Puts.-'—/ 

Tlie  region  described  extends  from  the  Orange  Hiver  below  the 
Priesha,  boundaip'-  to  Upii'jgton  and  southwards  to  the  vicinity  of  Carnarvon. 
The  Hartebeest  a.nd  Zah  .Rivers  forr  the  western  Ihnit  fror.  Staan-still-en- 
af spring  on  the  Zah  to  Vyf  3ekor  on  the  Kcrtcbeest.  Proru  the  farm  (just 
named)  on  the  Zai:  the  boundary  ruiis  through  Verneul.  Pan  past..  Zwart  Kop, 
Kartog's  Kloop,  Boter  Leegte,  and  l.'eintjos  Rloop  to  the  neighborhood  of 
Carnarvon,  thence  to  Victoria  West  and  Van  Wyhs  Vlei,  across  the  Kaaien 
Bult  to  3els  Poortje,  alor*g  the  southwestern  flanh  of  the  Kaaien  Hills  ■, 
to  Kairee  Leegte  a:’a  across  the  nilis  to  the  Orenge  River  on  Uit.Draa'i. 

In  a  description  of  a  petrological  examination  of  the  volcanic 
rocks  of  Mate,tiele  Bi 
of  zircon,  o.s  follows 


vjsion,  Ea,st  Griqualand,  Schwarz  reoorts  the  presence 
• . . 


1.  In  red  bed  between  the  lavas,  ton  of  Dreicensberg,  on  Eyrie. 

2.  In  siliceous  rock  interbedded  in  lava,  top  of  Dr.a!.:ensberg. 

5.  In  volcanic  breccia,  neck  on  the  H'Oiuatshe.. 

4.  In  volcanic  neck,  filled  with  agglomerate,  on  the  faini 
ll’i^natsha. 

5.  In  the  cave  sandstone  from.  H'Qua.tsha’s  Hek  road. 

IT’Quatslu.  azid  Eyrl(3  are  two  of  the  volcanoes  the  lava  flows 
from  vhich  form  tht.  crest  cf  tne  Dra.rensberg  R.arjge. 


Tne  following  information  h£.s  been  supplied  by  the  inspector 
of  mines,  Pretori.a  district,  with  reference  to  the  availahility  in  the 
Union  of  certa.in  minerals  for  use  in  the  luenufactiire  of  cheap  jewelry:^^/ 
Cle.ar  zircons  up  to  several  hundred  orra,ts  in  weight  occur  in  large  quan¬ 
tities  on  the  surface  of  the  Zibarc  mine,  in  the  Carntirvon  district  of  the 
Cape  Province.  Tiie  qioantity  is  so  great  thcit  they  probabl.y  could  be  pro¬ 
duced  at  the  urice  of  2s.  or  3s,  a  cai'afr'. 


Transvaal. — In  a  discussion  of  the  coxundum  fields  in  the  north¬ 
ern  and  southern  Transvaad ,  under  the  heeuing  "Mineralogy  of  the  Deposits,". 
Kail  says:  "Rutile  and  zircon  vrerc  found  only  in  tjgln  sections,  the  former 
in  sraadl  re.-jular  deep-brown  ervstais  in  the  ruby-disthene  rocks  from 
Mashishiir!a.l£'.,  ifelelane,  etc.  ,  the  Iatc.er,  as  inclusions  in  biotite  of  the 

Palm.jetf ontein  corundumi  re ef .  "2.^/ _ ^ _ _ _ 

119/  Rogers,  A.  W.  ,  and  Dii  Toit,.A.  L.  ,  Work  cited,  p.  42. 

120/  Scliwarz,  Ernest  H.  L.  ,  Petrological  Ex^jmlna.tion  of  the  Volcanic  Rocks 
of  Matatiele,  3-riqualarxd,  East:  Ann.  Kept.,  Geol.  Comm.  1202,  Cepe  of 
Good  Hope  Dept.  Agricultiu-c,  Cape  Towa,  1903,  pp.  94-96. 

121/  Trevor,  T.  G.  ,  Une  Common  Gom  Stones  of  the  Union:  South  African  Min. 

Jour.,  vol.  27,  Johaiuacsburg,  Ja.  26,  1918,  p.  486.  (Ko.  1374.) 

122/  Hall,  A.  L. ,  Corundum  in  the  Southern  and  Eastern  Traiisvaa.l:  Geol. 
Survey  Mem.  15,  Union  of  South  Africa  Dept,  of  Mines  and  Industries, 
prvotoria,  1920,  pp.  38-32  and  136. 
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S-oecial  mention  was  iTiade  oj  the  ssme  authoriS^/  of  min-ute  inclu¬ 
sions  of  zircon  carried  in  pla'jioclase  (andesine),  a  deep-greenish  oiotite 
in  the  Palmietfcntcin  "reef”  in  PaLrietf ontein  No.  374  corundox:!  mine,  12 
miles  southwest  of  Louis  Trichardt,  Zoutpo/nsterg  district  (northern  Trans¬ 
vaal),  in  the  platecu  region  west  of  the  Pietersonrg-Messina  Railway. 


Zircon  is  a  fairly  constant  constituent  of  the  banire t ,  a  South 
African  mining  term  for  beds  of  axuriferous  conglomerate,  chiefly  occurring 
in  the  Witwatersrand  goldfields.  (The  Witwatersrand  is  a  chain  of  mountains 
in  the  Transvaal  from  wiiich  42  per  cent  of  the  world's  gold  is  produced.) 
Zircon  can  be  observed  in  about  20  per  cent  of  the  microscopic  sections  of 
the  roch.  Preqxiently  the  crystals  emixibit  prismatic  and  pyranidal  faces. 
Others  are  irregular  in  form  and  fTazmentary  in  appearance.  The  crystals, 
too,  occasionally  show  rounding  of  the  edges.  The  average  length  of  the 
crystals  is  0.2  millimeter,  and  their  thichness  is  about  two- thirds  or  one- 
half  of  the  length.  They  are  transparent  and  wary  in  color  from  Colmost 
colorless  to  pinl:,  sometimes  having  a  brownish  tint.  Tlie  crystals  are  con¬ 
spicuously  zonal  in  character.  Zircons  are  found  in  the  qua^rtzite  also, 
associa.ted  with  the  banket,  though  ao'xarently  in  i.sucli  less  quantity .1^/ 

In  a  description  of  the  Salt  Pan  on  the  Parm  Zoutpan,  No.  467, 
nob th-north west  of  Pretoria  (the  Pan  is  a  remarkable,  flat-bottomed, 
crater-like  depression  within  circular  runs  of  red  granite  that  rises  in 
the  form  of  a  low  range  of  bush-clad  hills,  about  25  miles  northwest  of 
Pretoria),  Wagner  saysj^s/ , that  underneath  each  trona  bed  (of  which  there 
are  sometimes  five)  there  is  a  layer  of  mud  or  clay,  in  vhich  sniall  grains 
of  zircon  and  rutile  were  noted.  The  crude  trona  contains  appreciable 
quantities  of  org.anic  matter,  sodium  chloride,  and  insoluble  material. 

At  Gibeon  (Gibeon  district)  and  Mulcorub  (Berseba  district), 
bright  grains  of  zircon  occur  in  the  Gibbon  and  Mulxorub  pipes,  where 
they  have  been  mistaken  for  diamonds. 


Zanz  ibar 

In  the  Zanzibar  Protectorate  (British  East  Africa),  in  the 
sands  of  varying  grades  and.  nature  in  the  different  stra.ta  of  the  Pemba 
Series  and  the  upper  portions  of  the  Zanzibar  Scries,  wnich  contain  high 

Tjercenta'xes  of  iron,  zircon. _ ilmoxiite.  etc.,  arc  frenuentlv  present. 

123/  Kail,  A.  L.  ,  Work  cited.,  p.  8S. 

124/  Young,  R.  B.  ,  Pij^rthcr  Notes  on  the  Auriferous  Conglom.erakes  of  the 
Witwatersrand,  with  a  Description  of  the  Origin  of  the  Gold:  Trans. 
Geol.  Soc.  South  Africa,  vol.  12,  Johannesburg,  1^09,  pp.  34-85. 

125/  Wagner,  Percy  Albert,  Some  Proble:rs  in  Sor.th  Africa.n  Geolog}'":  Proc. 

Geol.  Soc.  Soxxth  Africa.,  1917,  Joha.nne sbui’g ,  1910,  pu.  30-33. 

126/  Wagner,  Percy  Albert,  The  Geologic  and  Mineral  Industry  of  South 
West  Africa.:  Geol.  Sui’vej'  Mem..  7,  Mines  Department  of  Union  of 
South  Africa,  Pretoria,  1916,  p.  72. 
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According  to  an  official  report,  so  far  tlie  sircon  has  heen  considered  on^^  as 
prejudicial  to  the  economic  use  of  the  eands  as  glass  or  nolc^liig  so.nd.n,^:^U 

ASLrl 

Ceylon 


Ati  American  representative  in  Ceylon,is’i£/o.fter  consultation  with 
the  Government  mineralogist  and  a  local  gem  e:rpert,  reported  that  altho-cigh 
zirconium  ore  is  found  in  large  quantities  in  the  island  it  ha,3  never  been 
exported.  Zircon  is  fc'und  in  ccmr'icrcial  quantities  in  the  hlach  sands  of 
the  sea  heach,  hut  it  would  not  he  practica.hle  to  collect  the  mineral  on 
a  large  scale.  No  mention  of  exports  of  zirconium  ore  is  made  in  the 
customs  returns  of  Ceylon.  Another  re-cresentativali2/  states  that  gem  stones 
are  shipped  to  Europe  and  Araerica,  the  hest  stones  being  exported  and  the 
inferior  ones  being  sold  locally  and  in  India. 


Most  of  the  literature  concernir^g  the  zirconiun  of  Ceylon  relates 
to  the  gem  grade  of  zircon,  which  is  to  be  discussed  at  some  length  in  a 
forthcoming  information  circular  upon  the  zircon.  In  brief,  the  streains 
flowing  throu^gh  the  Balangoda,  Eachwana,  and.  jla.tna.pura  districts,  in  the 
central  part  of  southern  Ceylon  (half-way  between  the  city  of  Kandy  and 
the  southern  shore  of  tne  islfxnd),  yield  the  nri.acipal  supplies  of  the  gem 
stones. AiiQ.'  At  Matara,  near  Dondra,  Head,  at  the  e.xtreme  point  of  the 
island,  zircon  is  found  in  colorless  indi vidua., Is  that  are  sufficiently 
large  to  be  cut  and  employed  in  jewelrj'’,  being  laiown  in  trade  as  Matara 
diamonds . 141 / 


Although  the  southwestern  part  of  Ceylon,  whore  zircon  is  a 
very  commoxi  accessory  constituent  in  t?i.e  rocks  along  the  coast,  is  the 
principal  zircon-beai'in,~  region,  the  mineral  is  very  comri-O.n  in  all  the 
gneisses  of  the  crystalline  area,  and  gneisses  underlie  a  very  large  part 
of  the  island.  The  zircon  e.poeajiT.  in  thin  sections  of  the  rock  in  the 
form  of  small  rounded  individuc^ls  or  in  minute  prisms,  having  rounded 
edges. 


127/ 

138/ 

129/ 


1.30/ 

1?1/ 

132/ 


133/ 
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_ Eox  re'Qortod  the  existence  of  baddeleyite  at  Eakwanr-'.,  Ceylon.-kd- 

Stoci’iiey,  G.  M.  ,  xieport  on  the  Geolo.gj'  of  Zanzibar  Protectorate: 
Govt.  P.ept.,  March,  1923,  po.  102-103. 

Turner,  Mason,  American  vice  consul,  Colombo,  Ceylon:  Trade  letter, 
April  27,  1925,  Biu'.  ITor.  .and  Eovn.  Cor.  fo.reign  file. 

Vance,  Mars’iall  M.  ,  Araeric-ui  consul,  Colombo,  Cey.lon,  Eeport  on 
Mineral  Deposits  and  InJustries  in  Ceylon  fer  the  Year  Ended  Decem¬ 
ber  31,  1921:  Consular  He- .it.,  Aug.  2,  1922,  .Bureau  of  Mines  foreign 
file  4133. 


Adams,  Prank  Dawson,  A  Visit  to  the  Gem  District.;  cf  Ceylon  and  Bir'.rme.; 
Ann.  P.ept.  Smithsoniaii  Inst.  ,  192G,  1927,  pp.  297-318. 

Adams,  Pranlo  Dawson,  The  Geology  of  Ceylon;  Geolo,yv:  Canadian  Jour. 
Res.,  voi.  1,  No.  5,  Nsk*!.  Research  Council  of  Canada,  Ottawa,  Nov., 
1929,  p.  461. 

Adams,  Erani;  Dawson,  The  Geology  of  Ceylon;  Minerals  of  Economic  Value, 
Gem.s:  C.?jriadian  Jour.  Res.,  vol.  1,  No.  ^.6,  Nat'l.  Research  Council, 
OttaiTT.,  Dec.,  1929,  p.  503,  (Also.  og\r  of  Ceylon;  Ihe  Quarts?- 

•-ose  Dlobito  Gneisses  of  the  Ordinary  Tr^^pe,  vol.  1,  No.  6,  p.  467.) 

Pox,  Cyril  3.,  Work  cited,  p.  265. 
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A  mineral  Giirvcy  of  Ceylon  vc.z  instituted  in  1902,  at  the  s-jg- 
gestion  of  the  Director  of  the  Innerirl  Institute,  to  cxc'^eine  tne  existing 
deposits  of  minerals  of  economic  Importance  an(?.  to  search  for  ner  deposits, 
in  order  to  pave  the  for  comaercial  development.  The  resi'.lts  of  the 
survey  are  eummiarized  in  the  folloulrg  naregraph.iSz/ 

1.  Shore  deposits  of  the  TTest  aiid  South  Coasts. 

(1)  Shore  deposits  from  Colomho  north^vards. 

Prom.  ColonDo  to  Dutch  Baj.'’,  garnet,  zircon,  and  ru¬ 
tile  mere  the  corm.ion  associates  of  the  mona.zlte  in  the 
nar:.hu  (a  natural  i..oncentrate  of  iieav;'-  rainera.ls;  also  em¬ 
ployed  to  denote  the  residue  of  heavy  minerals  left  after 
washing  the  gem  gravel  and  removing  valuable  gems). 

Prom  Putfcr.lam  northwards  zircon  w.is  found  to  be 
rather  less  cor.mon. 

(2)  Coast  belt  between  Colombo  and  Kanibantota. 

A  sa:rple  of  concentrace  from  the  fourth  bay  south 
of  Bentota  River  (e;e^’inined  by  the  Imperial  Institute), 
consisting  chiefly  of  monazite  and  ilmenite,  yielded 
some  zircon  and  natile.  A  concentrate  irom  jEamrawala, 
consisting  chief I'p  of  monazite,  yielded  SiUeJl  amounts 
of  zircon,  with  other  minerals. 

2.  Alluvial  deposits  in  the  Ratnapura  district. 

(1)  Ke.lu  Ganga  ?plley. 

Seventeen  sar.'ples  of  concentrates  from  sands  ob¬ 
tained  .from  drilling  in  the  bed  of  the  ICalu  Grmga. 

Although  ilmenite  and  garnet  were  the  chief  stones, 
some  zircon  (with  other  minerals)  was  found. 

(2)  Gravel  of  the  We  Gangs. . 

Pourteen  concentrates  obtained  by  boring  in  the 
river  beds  a.nd  adjacent  flats,  while  consisting  chief¬ 
ly  of  ilmenite,  ceoried  zircon  as  well  as  othf^r  miner¬ 
als.  Dredfliig  i'-i  the  We  Ganga  showed  the  same  minerals 
in  practically  the  seme  proportions. 

(  3 )  0  tiie  r  de  00  s  1  i:  s  • 

A  promisiiTg  nsaibu,  maxie  up  of  zircon,  garnet,  spinel, 
touria£',line,  and  cor'andum,  found  in  a  drill  bed  suifc  in 
liiwitigaia  village,  in  the  Dola.  district.  Gravel  is 
fairly  extensive  here. 

134/  Bulletin  of  the  Imperial  In.stifcute  (London),  Reports  of  Recent  In¬ 
vestigations  at  the  Imperial  Institute;  Recent  Worh  on  Monazite  and 
Other  Thorium  Minerals  in  Ceylon;  Vol.  14,  IIo.  3,  July-Sept.  ,  1916, 
London,  1916,  pp.  321-369. 
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3.  G-ravels  of  the  Kelani 

(l)  Between  Maiia<5;oda  and  Pagoda,. 

Sixteen  concentrates  cxan^ined  from  the  pugoda  G-c.nga 
boro  holes;  iLnenite  predominant  mineral;  zircon  and 
others  in  comparatively  snail  anounts. 

(3)  Betv/een  Pugoda  and  Malwana. 

Nino  concentrates.  Practicrllj'’  as  above. 

4.  Griivels  of  the  Sitawal^a 

Twenty-seven  concentrc.tes  examined  bj^  the  Iraperial 
Institute.  Ilmenito  predominant .  Zircon  included  with 
other  minerals  present. 

5.  Imwara.  Eliya  district. 

(1)  Nuwara  Eliya,  Plains. 

The  quartz  gravel  yielded  a  little  bla,ch  tourma.line 
and  zircon  crystals. 

(2)  Moon  Plains. 

A  remar’iible  najmbu,  rich  in  monazite,  opaque  corundi.am, 
zircon,  and  zenothne,  with  a  few  gem  stones,  was  obta.ined 
from  a  smll  flat  on  the  Eifle-range  Stream,  near  the  head 
of  its  gorge.  'Tl'e  dike  room  is  an  orthoclase  pegmatite. 
Saiivoles  (taimen  at  one  time)  shov/ed  12  .grams  of  zircon  a 
metric  ton.  Zircon  crystals  ca:i  be  picked  out  of  the  de¬ 
composed  roc?:  by  crumbling  up  the  lumps  of  Jmolin.  In 
the  gravels  yellow  transparent  zircons  arc  common. 

Samples  t:i_:eii  at  another  time  sheared  that  the  concen¬ 
trate  from  pegmatite  consisted  chiefly  of  zircon,  with 
some  biotite,  iliiionite,  and  garnet. 

IT-ie  Magoda  Oya  gravels  yield,  a  nambu  rich  in  corun¬ 
dum  and  chrysobcrj^l,  with  zircon  and  blac?:  touri:Ta,line. 
Concentrate  from  the  vicinit'^  of  Nuwara  Eliya  showed  small 
amount s  of  zircon. 

(3)  Elk  Plains. 

The  zircon  found  h^re  (not  in  valuable  amounts)  dif¬ 
fers  from  that  in  the  Moon  Plaans  pegmatite  in  ha,ving  a 
brownish-pin_:  color. 

('^)  Horton  Plains. 

As  on  the  Elk  Pla,ins,  pinl:  zircon  accom-oanios  the 
monazite. 

6.  Thorianite  .?,nd  thorite  deposits  in  the  .Bombarabotuwa, 

Denawal’;  Ganga,  and  ¥alawe  G.-^riga  districts. 

(To  revive  interest  in  the  production  of  thoriauaite,  head¬ 
men  were  informed  in'  1915  of  the  increase  in  the  value  of 
the  minera,!,  and  efforts  v^ere  made  to  examine  samples.) 

( 1 )  Bambar abo tuwr  district. 

Prospecting  on  the  Kuda  Pandi  Oya  showed  txiorianite 
in  all  the  veins  as  the  principa,!  accessorj'-  mineral,  with 
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iL'BGiiito  next  in  ir:";ortc’.noe ,  mi  sro^ll  Q-uumtitios  of 
tho'.'ito,  rionazite,  zircon. 

(2)  Don^wpl:  Gant°:£  eiotrict. 

r;red3in,j:  i:i  tno  Donanal:  Gang's  along  the  ztoe-oer 
cr-oroes  of  tnc.  ctre.::?.  ;*ie].de.i  wall-rolled  fragnnents  of 
gc.:a  mineralc,  chiefly  zircon  and  spinel,  with  a  trace 
of  thorienito,  a.t  a  depth  of  4  to  5  feet. 

(3)  Walaue  Ganga  district. 

A  ntuaber  of  iriincral  ra'^ec 'jirens  froL:  WalanreduTa, 
eraMiined  oy  the  Institute,  proved  to  he  zirhelite,  con- 
ti.ining  36.2  per  cent  zirconia,  'thoria  17.4;  titanirLTi 
dioxide  24.6;  end  Ihr.e  6.7. 

(4)  r'-orianite  at  hiralgeura. 

Hiralgcuia,  5  .ailes  south  of  Hatnapura.  In  addition 
to  uhorianite  (predoriinant)  were 'fo-ond  thorite,  ferguso- 
nite,  ri’bile  and  zircon. 

(5)  Prospecting  for  tliorinn.  minerals  in  the  Zallramhuro, 
district . 

A:i  outcrop  of  -oe^pia.tite,  with  large  phlogopitc 
crystals,  occurs  ne.ar  the  Lead  of  tlie  dry  dola,  and 
pannings  from  tno  s\rrface  gave  arondence  of  fine  monazito. 


Material  from  the  body  of  the  vein  gave  abundance  of  zir¬ 
con.  SpecLneas  fro.  Yaliorfoura  exeirined  by  the  Lnucrial 
Institute  shov;ed  zircon  fror  pepnatitc.  A  concentrate 
consisting  a.lmost  wnoliy  of  zircon,  contained  sorr.e  quartz, 
nonasite,  and  small  amounts  of  rv^tile,  ilmenite,  horn¬ 
blende,  and  magnesite.  The  monazito  {mounted  to  aboi'’t  4 
per  cent.  Zircon  w  s  ore  sent  a,lGO  in  mo-iazite  from  g-ullies 


and  in  the  mona.zite  from 
lie.o  consisted  chief] y  of 
thorite  and  rutile — 15.66 


pegna.titGs;  the  thorite  from  gul- 
ziroon  and  spinel,  rlth  some 
uer  cent  of  thoria. 


India 


Pox  saysiSs/  that  zircon  is  a  coinnon  accesso 
granitic  and  gneissose  rocLs  in  India.  Large  crystals 
in  certain  pegmatites  tlia.t  contain  rare-earth  ii’iaera.ls 
trates,  howoiver,  are  most  corunonly  found  in  the  river 
sands  in  the  neignborhood  of  zircon- bearing  rocLs. 


ry  mineral  in  luany 
ar  e  s  o.nc  t  ime  s  f  oun  d 
Zircon  concen- 
sands  and  in  the  beach 


'rr’avancore . -r-The  iDrincrpal  deposit,  of  zircon  in  India  and  the 
only  one  ranlclng  ^s  a  coranercio-l  source  of  the  mineral  is  in  Trav.oncoro. 
The  Travancore  beach  deposits,  whiCii  are  now  exploited  chiefly  for  their 
ilmenite,  contain  r.precia.ble  quantities  of  zircon,  as  well  as  mormizite, 
the  zircon  carryin';  62  to  63'  per  cent  of  zirconicri  oxide,  the  ilraenite 
50  to  53  per  cent  titanium  oxide,  arid  tne  .nonazite  3.50  to  9.20  per  cent 
tnoriimi  oxide.  These  dcoosits  are  renewed  several  times  a  year  bj''  the 

gea.  aloiu;  an  extent  of  79  miles.  _ _ _ 

135/  Fox,  Cyril  3.,  Worh  cited,  pn.  257-25G. 


5125 


-  45  - 


I.  C.  6456 


The  outpiit  of  zircon,  ohtj  i.icd  c-s  a  concuxront  product  in  the 
collection  of  ilmenite  and  rnonazite  in  Travancore  Sta,te,  decrea.scd  froir. 
1,465  tons,  valued  at  £3,129,  in  1927,  to  885.2  tons,  valued  e.t  £1,267, 
in  1928,  in  suite  of  a  cons'oicuous  increase  in  the  production  o 


i  ].me  n  i  t  e .  / 


The  company  that  is  mininr  i^he  Travancore  deposits  is  The 
Travcncore  Minerals  Co.  (Ltd.),  52  Q,ueon  Victoria  Street,  London,  England, 
uhich  has  a,  local  office  at  Colachcl,  South  Travancore,  India. 


ially. 
enc 


For  a  description  of  the  Travancore 
h  reference  to  their  rnonazite  content 


hea-ch  sands  (written  esuec- 
),  see  the  footnote  refer- 


The  following  notes  are,  for  the  most  part,  tahen  from  trans¬ 
actions  of  the  3-eological  Institute  of  liidia.—-/ 


Linar  end  Orissa. — Large  clusters  of  darlj-’orom  cip’-stals  of 
zircon  have  'been  foiind  in  the  pegm:.rtite  of  Ahrahi  Panar,  in  the__G-aya. 
district.  In  that  localitj’-  it  is  associa.ted  with  uitchhlendc.iS^/ 


Burma. — Aupreciahle  percentages  of  zircon  crystaJs  were  found 
in  an  ilmenite  send,  containing  monenite,  from  Upper  Burmn.  It  is  under¬ 
stood  that  the  sands  are  r.ttractivo  for  their  rnonazite  content.  The  zir¬ 
con  and  ilmenite  would  oe  useful  by-products. 


Chitral. — Zircons  ha.ve  been  found  in  the  mai^netite-ihuenite 
sands  of  the  streai'ns  of  ChitraJ.  The  quantity  and  quality  of  the  m.aterial 
are  not  very  a,t bract ive,  and  the  localities  in  which  it  is  found  are  in- 
a.ccessible. 


Madras. — Madra.s  State  is  by  far  the  most  important  area,  in  India 
with  respect  to  the  rarer  m.inera.ls,  titanium,  zirconium,  cerium,  aiid 
thorium.  Zircon  has  been  located  in  the  neplieline  syenites  near  Zangayam, 
in  the  Coimbatore  district,  in  the  pegma,tites  at  Zada'Air  of  the  Trichino-.- 
ooly  district,  and  in  the  Seitur  gra'diite  mine  at  Bai'cnad.  A  hydra.tod  form 
of  zircon  (resembling  cyrtolite),  containing  a  sniall  porccntc'ge  of  uranium, 
is  associated  with  samars..:ite  in  tne  Hollore  district.  3ohri2iiQ/  reports 
zircon  in  the  Province  of  Circars,  on  the  eastern  coast  of  the  Madres 

Presidency. _ 

156/  Eecords  of  the  GoologiceJ.  Survey  of  India,,  Zircon:  Vol.  S2,  pt.  3, 
1929,  Calcutta,  1929,  p.  352. 

137/  Tipper,  G.  E.  ,  The  Monazite  Srndr.  of  Travaucore:  Rec.  Geol.  Survey  of 
India,  vol.  44,  pt.  3,  ITov. ,  1914,  pp.  186-196. 

138/  Fox,  Cyril  S.,  Worn  cited,  op.  257-253. 

139/  Records  of  the  Geological  Survey  of  India,,  Pitchblende:  vol.  44,  pt. 

1,  May,  1914,  pp.  24-26. 

140/  Bohm,  C.  Richard,  Das  Auf schliessen  der  wichtigsten  Minera.lion; 

Zirhon:  Die  Darsbellung  der  seltenen  Frden,  Leipzig,  1905,  pu  108 
and  116. 
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With,  respect  to  the  ge.a  grade  of  zircon,  BromMi/  reports  that 
fine  crystals  co.’re  from  a.n  •onio^.o'wn  locality  in  the  Viza.gapa,tarii  district  of 
Madras.  He  rcnorts  also  that  red  and  grayisxi-vrhite  crystals,  transparent 
in  part,  occur  in  peginatite  veins  at  Apoiyode  in  the  Eraniel  taluh  of 
Travaaicore.  The  zircon  gem  stone  is  f^^und  also,  in  itsinor  quantities,  in 
the  ruby  mines  of  Upper  Burma.,  the  principal  ruby-hearing  districts  being 
Mandalay,  Inlyti^ynia,  and  the  one  about  Liogok,  which  includes  Kathe.  'nie 
Burma  Euby  Mines  (Ltd.),  whose  cnisi  operations  are  at  Kathe,  has  workings 
at  Enjoulz,  Bigom,  Haj.'asen,  and  other  points.  Tlic  .zircons  are  found  in 
the  byon,  wliich  corresponds  to  the  illajii  of  Ceylon,  and  which  occupies  a 
position  identical  with  tha.t  of  the  gold  gravels  in  many  alluvial  regions. 


Japan 


The  following  fa.cts  with  respect  to  the  zircon  a.nd  other  zir¬ 
conium-bearings  ores  of  Japa.n  arc  taken  from  reports  by  Shibata  and 
Sato.iii_A.-i.n^/  Tne  matter  is  presented  oy  ores,  as  one  of  them,  naBgite, 
is  found  only  in  Ja'pan,  and  oyamalite  very  closel3'’  resembles  it. 

Zircon  and  g-enotime. — Zircon  a.nd  xenotime  occur  in  small  tetra¬ 
gonal  crystals  at  Ishika.wa,  IiTaki  province.  The  color  of  the  former  is 
reddish-brown  or  brown;  the  latter  is  brown  or  .reddish-green.  Careful  in¬ 
vestigation  disclosed  the  fact  that  these  minerals  are  almost  always  found 
associated  or  intermingled  with  each  other;  and  tha,t,  moreover,  sometimes 
zenotimo  occui's  inclosing  zircon  in  a  ua.rallel  position. 

Aiial3'’sis  of  this  zircon  gave  ZrO^  58.71  per  cent  and  Si02  32.40 
per  cent.  The  total  ana^l^^^sis  for  zonotir'ie  .gave  ZrO^  18'.  34  and  Si02  12.49 
per  cent . 


Minute  and  well-crystallized  zircon  is  found  in  the  sa.nd  of  the 
Keelung-gawa.,  Formosa  .  Large  cr^.'-stals  of  this  mineral  occur  in  a  gra'phite 
deposit  at  Jido,  Heiaui-hokudo,  Korea.  Two  specimens  of  Korea.n  sa:il,  from 
Jun-an  and  Snoh.usan,  have  been  studied.  The  sand  froia  the  la.tter  pl.ace  was 
reported  to  contain  1.05  per  cent  of  zirconium  oxide  (Zr02)' 


ITaegite. — This  special  Ja.oa.iiese  minera.l  has  been  found  nowhere 


present  tLme.  It  is  a  brownish- 
Its  cr^/stal  form  resembles  very 
is  4.1;  cv:.d  its  hajrdness  is  7.5> 


except  at  ilaegi  (Mine  Province)  up  to  ti 
green  mineral,  having  a  resinous  luster. 

much  tha.t  of  zircon; _ its  specific  gra.v’ ' 

141  /  Brow.i,  John  Cog:gin,  India's  Mir.crc.l  TTea.lth:  India,  of  To-day,  London, 
1923,  pp.  104-105. 

142/  Shibata.,  Yu.ji,  Tiie  Cliemical  In\ es cigation  of  Japaniese  I/Iinera.ls  Con¬ 
taining  Parer  Elements:  Proc.  8d  Pan-P.aciiic  Sci.  Cong.,  Oct.  30  to 
Eov.  11,  1926,  vol.  1,  ITat’l.  B,esecU.'ch  Counci].,  .-klyc,  192C,  pp. 

852— Obo . 

145/  Sato,  Lenzo,  Some  Minerads  Containing  Rr.rer  Elements:  Proc.  5d  Pan- 
Pacific  Sci.  Cong.,  Oct.  30  to  Eov.  11,  1926,  vol.  1,  ITat’l  Research 
Council,  To?-yo,  1923,  pp.  865-866. 
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Ai-V3.1ysep  show  (l)  ZrO^,  53.03,  ,?.iid  SiOo,  23. 5o;  (2)  ZrOr^,  51.24, 

fc-id  SiOo,  30.48.  ^  " 


hr-fui-um. 


>1  . 


Recently  Hevesy  reported  ths.t  nn,ei'ite  contains  atont  3.5  per  cent 


Raepite  has  oeen  described,  as  a  vs.riety  of  zircon  (radioactive  ; 
zircon),  but  it  hrs  also  ocen  considered  to  be  an  isohorpiiouc  mirctui’e  of 
ZrOo,  H-Op,  UOo,  and  SiOo. 

IIa.ATi.tal it c . — I’ho  mineral  ha.eataiite  rerem.bles  zircon  and  occurs 
coivnoniy  i:i  sr.ia.ll  cr^rstals,  1  mill br.e ter  to  5  millimeters  in  dluneter,  i.n- 
bedded  in  biotite.  Its  co].or  is  yellorish-green  or  green;  its  specific 
gravity  is  4.4;  and  its  hon'diicss  is  aocut  7.5.  jhial.5''sis  gave  ZrOg,  42.0 
m.d  Si02,  29.7.  urrom  the  resuJ.ts  of  analysis  it  is  concliided  tjiat  this 
mineral,  lihe  naegitc,  iv^.3/  be  a  variety  of  zircon,  rhich  contains  rare  eartlis 
and  r.ru'e  acid  ea.rtiis.  Eadyita,lite,  however,  is  cleanly  distinguishable  from, 
naegite  b]*-  its  content  of  zlrconiu:.!  arid  also  oy  its  general  c.p^ea.ranicc . 
Ilaga.talite  occurs  Isbedded  in  the  peynmatite  .of  Ha.,ga.ta.-niu.ra. 

,1  OyajcTal itc . — Oyai'na.lite  fror.i  Oyeurr.,  lyo  Province,  closely  reserblcs 

na.egite.  It  occurs  Inbeddod  in  feldsua-r ,  is  of  at  daid:  green  or  broTu  color, 
has  a,  specific  gravity  of  4.1  a.id  a  hM'dne-ss  of  7.5.  fnialysis  shov'ed  40.9 
of  ZrOo  ajid  25.7  of  SiO-..  Evidently  ovanif-dite  is  a  variety)-  of  zircon  but 
differs  from  the  latter  in  tlra.t  ■’.t  contains  nlxor.rii'ioric  o,cid, '  T7herea,s  zircon 
seldom  does. 

Si£:m 

The  gem  gi’ade  of  Siamese  zirco.i  is  discussed  in  greater  det,..il 
in  a.  forthcorniing  informa.tion  circular  i^pon  the  semiprecious  stone.  Sorler 
refers  to  b^lue  zircor  from  C:icnt£.boon,  3i.?ja..i^/  J\n  jbooric.rn  rejoresentati ve 
in  Siazi^/  says  that,  aJtho'ough  the  rpu.ntity  of  zircon  scones  proazxced  is 
not  recorded,  it  is  .'novrn  thr.'c  t.hay  are  ;.ained  in  the  region  of  Chavidebuxi 
a,nd  the  territory  along'  the  !ie_:orj,g  River ,  ' which  forn.s  part  of  the  boundary 
oetueen  Siam  and  French  Indo-C.iina. 

The  zircons  arc  mined  et  a  deptl.  of  5  to  10  feet  belor  the  sur¬ 
face  in  .an  alluvia.l  deposilt.  3''...-glc;  -oieces  weighing  525  carats  have  been 
fo-und. 


144/  ErDler,  W.  Er.  ,  Uber  d.s  jptisc.'..e  Verhalten  iund  Zastandsajxdernuigen 
des  Zirhons:  Forts.  Mineral.,  hristall.  und  petrog.  vol.  1,  Jens, 
Germany,  1927,  yy.  3C2-303. 

145/  Albrecht,  Chnxlcs  H.  ,  Armerica-n  consul,  Eanghol:,  Sio;..-',  Zircons: 

Co'.iGulax  Rep:.,  Jvily  17,  1926,  .hjcoau.  of  I/iines  loreign  file  I'o'.  9203. 
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AUSTRALASIA 

Australia 

The  gom  tirade  of  zircon  is  reported  to  occur  in  Rev;  South  TYalcs, 
Ciueensland,  Tssicrnir,  and  South  Australia.  G-overnncent  reports  of  Qi’j.eens- 
laiid  and  Re',7  South  Wales  have  includec’.  f ip-ares  of  production  for  the  aems, 
altho-ugh  output  has  not  a,t  any  tine  "been  very  larjpe.  Zircon  sands  a.lso 
sxe  foiijod  in  several  localities. 

lieu  South  Wales. — Zircon,  the  onl'y  zirconi-un.  mineral  Imom  to 
occur  in  Rew  South  WaJcs,  is  a,  minor  accessory  mineral  in  the  more  a.cid 
igneous  rochs,  such  as  graniite  and  pegiiiatites ,  in  river  gravels  oiid  in 
heach  deposits.  It  is  found  in  small  prismatic  crystals,  -vrhich  are  a 
little  hen'der  than  qua,rtz  hut  not  so  hard  as  topaz,  and  vdiich  lia.ve  a 
very  brilliant  luster. 

Carne  saysA^/  that  the  auuiferous  sands  of  the  Ssl:  River  eud 
Jerusalem  Creeh,  rn  the  parish  of  Ssk  County,  carrying  ilmenite,  gold, 
platinum  a,nd  platinum  metaJs,  consist  nr iiriar ily  of  zircon.  They  contain 
some  tin  also. 

A  Queensland  Governm.ent  report  of  1907i^/  reported  a  proposed 
develo-OTent  of  the  sands  a,long  the  beach  of  lieu  South  Wales,  V7here  gold, 
platin'orn,  tin,  monazite,  zircor*,  and  other  mineraJs  rrere  Imorn  to  exist. 
The  area  to  be  exploited  v;as  13  miles  long  bj;-  10  c’nains  vzide,  paralleling 
the  beavCh,  beginning  about  1  m.ile  south  of  the  Svans  (or  Little)  River, 
approximately  20  miles  south  of  Ba,llinr,,  a.t  the  mouth  of  the  Richmond 
River,  and  extendixig  northward  to  rha,t  is  Imom  as  McAuley's  Lc.ad,  to 
within  approximatelj'  10  miles  of  Clarence  River.  The  same  -publication 
reported  va,l-ua,ble  sand  deposits  about  80  miles  north  of  the  beach  just 
mentioned,  nean  Ourrumoin  Creel:.  Small- sca..le  treatment  of  the  sands  had 
been  carried  on -.between  Curr-umbin  Creel:  and  Coolangatta. 

Western  Australia. — Dr.  Gancis--!^';  sa.ys  -that  Phipson  (Compt. 
rend.  Acad.  Sci.  ,  vol.  64,  -q-q.  87-03),  from  a  vaineralogicai  study  made 
146/  Raggatt,  H.  G.  ,  Chromiur,  Cobalt,  Rachel,  Zirconium,  Titairduir, 

Tliorium,  Cerium:  Rew  South  Wales  Geol.  S-urvey  Bull.  13,  De-^ot.  of 
Mines,  Sydney,  1925,  p.  14. 

147/  Carxie,  J.  S.  ,  The  Auriferous  Sands  of  the  Ssh  River  and  Jerusalem 
Creeh  in  the  Pamish  of  Es?:  Co-uity,  Riclimond,  Rew  South  Wales:  Rew 
South  Wales  Geol.  Survey,  vol.  5,  1897,  pp.  71-86. 

143/  Queensland  Gover,-ment  Mining  Journal,  Beach  Mining  in  Rew  South 

Wales:  Vol.  0,  Ro.  83,  Q,ueensland  Deut.  of  Mines,  Brisbane,  Auril 
15,  1907,  -o.  175. 

149/  Garces,  V.  Soriano,  Arena  Circonifera  de  Vigo:  Tra'oajos  del  Museo 

de  Ciencias  Rat-urales  do  Barceloiia,  vol.  9,  Ro.  2,  Publicrciones  de 
la  J\inta  de  Ciencias  Raturales  de  B£U*celoi-ia,  Barcelona,  Aug.  13, 
1928,  p.  9. 
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with  the  microscope  of  the  metalliferous  sands  of  rremantle,  Western 
Australia,  disti.'ipuished  silicate  of  sircon,  together  \uth  cur.rtz,  to'^az, 
ape.tite,  and  some  diam.onds. 

Simpson  saysi^/  that  zircon  has  hecn  shown  to  he  nrcsent  in  many 
crystalline  roclis  in  this  State,  rhoro  it  can  he  detected  in  small,  well- 
formed,  colorless  or  smoLy  cr^st^ls  hy  pa:.i.iin<;s  .ony  of  the  cla^^s  (tlvt  is, 
of  Bellevue,  Belmont,  and  Iluj-.-ir)  or  the  river  or  heach  sands,  pemticularly 
the  sands  that  show  thnou^n  the  presence  of  hlci-ch  iron  comuounds  that  they 
have  been  concentrated  na toma-lly.  3ii,.oson  l  ists  the  follovany  sands  where 
zircon  ha,s  oeon  fo’md:  ■  South  Pertn,  olach:  sand,  estuary  be:\ch;  Cottosloe, 
white  and  blach  s.and,  sea  beach;  IIoo:  bana  Bar,  blah...  sand,  soa  beach; 
Nounup,  with  ce.ssiterito  in  any  river  Scind;  Greenbushes ,  \7it.a  ca,ssiterite 
in  a.lluvi-um  of  all  Ihinds;  Gooseberr-  Hill,  blach  c.nd  wnite  se.nd,  streoi  ; 
Donnell^r  River,  where  zircon  forms  a  large  proportion  and  c.t  times  the 
whole  of  the  concentrates  from  river  sa,nd.  At  Greeiibushes  zircon  sand 
could  be  produced,  as  a  by-product  of  tin  sluicing,  in  commercial  aiaowjits. 

A  sanple  of  sand  (50  pounds  bull:  wey.,ht)  was  analyzed  ,  showing  4?.  63  of 
ZrOs  (Zr,  35.2  per  cent).  The  mineral  content,  as  determined  bj'  micro¬ 
scopical  ezeuaination  and  analysis,  w.as  a.p  ^rominiately  71  per  cent  zircon. 

0?aeenslend. — A  Government  renorbi^/  is  to  the  oifect  that  there 
was  a  tendency  in  (Queensland  durin^,  102C,  on  the  part  of  some  prospectors, 
to  erploit  "nonmetailic  minerals,”  particularly  silica,  diatomite,  zircon, 
clay,  and  mica;  but  tlio.t  so  far  no  commercial  denosits  of  these  minerals 
had  been  reported,  e::cept  in  the  case  of  cla,y.  (Twenty-four  samles  of 
beach  and  other  sands  were  tested  durirm;  the-  year. ) 

However,  zircon  was  among  the  minerals  that  tlie  Be..ich  Sands 
liining  Co.  ,  at  Plat  Rod:  Crec’:,  Tugim,  hoped  to  v/in  throu^;.^!!  treatment^of 
the  sands  witn  a  concentrator.  A  Qaeensland  Governi.aent  publicatioiii^/ 
reported  that  this  compan.y  ob-tainor?.,  prospectin'.;  rights  over  a  large  are:- 
of  beach  sands,  extending  4];  miles  along;  the  beach  a.t  Coolangattd  and 
Gjrrir.bin,  for  the  cr-.u’pose  of  mining  for  gold.,-  silver,  pla.tinuir,  ana  tin,  ,  , 
in  association  with  monazitc,  zircon,  totirma.line.,  to-paz,  titaniu-  :,  and 
other  minerals.  Tlae  company  later  oota.ined  a  m'.incral  lease  over  7  o.cres 
at  Plat  Ro-d:  Creel:,  where  a  treatment  station  has  been  epccted  and  rhere 

ercoerlmental  o~ocrations  have-  been  begun. _  ■  - _ _ _ ^ _ ' 

150/  Simpson,  Edward  S.  ,  The  Rare*. Metals  and  Their  Distribution  in 
Western  Australia;  Ziiconiui-n  Hat History  amid  3ci.  Soc.  of 
Western  Australia  Jour.  ,  vol-.  4,  Perth,  1912,  p-;^.  96-93. 

151/  Duns  tan,  B.  ,  Chief  Gover  iment  Geologist,  Aiurua.l  Report  of  the 
Queensl-and  Geologica.i  Survey  for  the  Year  1920;.  Ann.  Rept.  of 
the  Under- secretary*  for  Minos,  1920,  Brisbane,  1929,  ;%  127. 

152/  Queensland  Government  Mininsg  Jourrxal,  Bo.ach  Miniiyg  at  Tugun; 

Vol.  29,  Ho.  342,  Brisbane,  HqU.,  1920,  p.  469. 
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Aii  articlai^/  concGrnirij  tnc  Siingella  Goldfield  ( e:n tending’  i'roi.: 
the  head  of  Broheix  Sivei-,  alour;;  bhe  olo  'es  of  tan  Clah  :e  R‘ciiy:o,  vhicfn  lies 
40  miles  inla.ia  iron  lv:acl."a:0  is  to  the  cf:;\  ct  that  the  oce-urrease  oi  zircon 
in  Broken  Hiver  wash  has  long  leen  .non*  and  tlmt  a  definite  de^osit  of  zir¬ 
con  wr.sn  ho-s  ocen  re-j)orted.  Tlie  sto:.ec  are  in  grains  th-'i  avere^ge  a.  carat 
in  weight,  f.nd  most  of  them  arc  roirided  in  form'.  Local  miners  sta.tcd  that 
the  stones  e..re  found  in  large  niLfeerr  in  Bril  Creek,  just  a'oove  an  old  reef 
working  and  in  the  na,in  river  hed  5  miles  aho^’e  it.  Zircons  occur  in  some 
quantity  also  on  Moonlight  Creek  (Mount  Britten)  and  at  tke  head  of  Constant 
Creek.  Evidence  is  strojig  fha.t  the  mineral  was  derived  fi  cm:  the  disintegra:- 
tion  of  the  trr.chyte  flows  that  cap  tne  coast  ra::ge  ahove  each  of  the  pjlaces 
mentioned. 


New  Zealand 

In  a  bulletin  of  the  New  Zealand  Geological  Survey, i§k7  -oanmingt 
from  Seven-mile,  Grepmouth,  are,  sa.id  to  yield  the  highest  percentage  of 
zirconla,  in  New  Zeala.nd.  fliough  zircon  is  not  ■..U’.ow'n  to  occur  a'lywhere  in 
the  islamd  in  commercial  quantities,  the  best  prospects  obtained  were  in 
pannings  from  the  ILiitcombe  Hiver,  a  little  above  Cataract  Cieek,  iiear 
Price  Pla.t,  mere  tne  zircon  is  entauigled  in  moss  with  fine  gold.  The 
gem  grade  of  zircon  has  not  been  found;  however,  ci-ystals  from  Tiihorell's 
Gully  are  larger  tha^i  the  ordinaig*  ones. 

EUROPE 


Austria 


Vena.ble  remorts 


of  Austria.) 
ning  the  sands 


zircons  in  td^e  Tjuol  (P.e'oubiic  of 
Garcesi^/  reports  tha.t  H.  Wlaiclmcann,^/  in  his  work  concern 
of  the  Tauern  en  Gscliloss,  Tirol  (k-'rol),  describes  zircon,  togetner  vmth 
epidote,  rutile,  tour^naline,  and  am;  tite.  Prom  the  minerals  encountex'ed, 
the  author  concludes  that  the  sands  ■vr:)ceed  fro;';  gneiss  and  various  smecies 
of  micaceous  sla,tt.  Tne  presence  of  zircon  and  its  forms  presumyoscs 

mrmite.  chloritic  slate,  and  chlorito'.ds  (of  whic..i  no  recorvd  exists). _ 

155/  Ball,  Lionel  C. ,  Eungelia,  Goldfield:  i.Jpeensland  Geol.  Survey  Piub. 

2S9,  Dept,  of  Mines,  Brisbane,  1010,  p.  35. 

154/  Geological  Survey  Branch,  New  Zealand,  Minerals  and  Mineral  Snb- 
stances  of  New  Zeeland:  Gaol.  Survey  Branch  Bull.  52  (New  Ser.), 

New  Zealand  Dept.  Sci.  and  Ini.  kes. ,  Wellington,  1027,  mm.  107-103. 
155/  Venable,  Prancis  P. ,  Work  cited,  p.  18. 

156/  Garces,  V.  Soriano,  Work  cited,  76  pp. 

157/  Whiclvnan,  H.  , _ :  Min.  Mitth.,  vol.  7,  1866,  p.  452. 
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Ceo cj.o^^.lov  2.:i\ 

Vcnaule  rc.-oorts  zircoa  ri  Soaerda.i^/  a  Proviace  of  the  Republic 
01  Csechoslovaliia .  Pr;itt  reports  ho.i.iite  iribcdded  in  -.honolite  in  nortncrn 
Bohenia.iiiR/ 

Pro^nce 

Frosscrc.  report s.l§-Q/  zircon  in  the  irmralito  at  Pic  au  liidi, 
vallee  cle  Lesponzu. .  in  the  ue  ighoorhooi.  of  3a<9;n.eres-d'3-Biporre,  Deurirt- 
iiient  of  Ea-utes-Pi^a'S'-iies ,  France. 

According  to  G-a.rces  the  sands  of  Mesvri..,  in  Antun,  yield 

zircon,  rith  a  noifoer  of  other  .ninerals,  zircon  hein^i;  second  :n  hnnortaiice. 
The  crystair  incasrre  0.32  by  0,009  ’fnillimeter ;  the;'  are  elongated;  and 
they  have  faces  (llO),  (112),  and  at  times  (OOl),  a  form  vei"'-  rare  in  this 
mineral.  'Ihe  cr ••■stalls  are  1  igh t -hr ov^n,  turning  green  hy  reflection.  Their 
specific  gi’avity  is  4.5.  The  a c company izyj  minerals  arc  olivine,  rose  gran¬ 
ite,  spLiene,  cliromibe,  tourma.li.ze,  and  sa'ov'nirs .  Tiie  origin  of  those  zir¬ 
cons  seems  to  he  the  amrhiholiter.  of  liarma&’ne. 


M.  L.  3fcrthoic, 


in  an  article  upon  the  heavy- minerals  of  the 


eruptive  and  schistose  cryst-'lline  rochs  of  3rittan3',  discusses  the  form 
of  zircon  crystals  in  these  roc' is  in  great  detail. 


Oormiy 

Accordin^r  to  Venahle,2i^/  microscopic  crystals  of  zircon  aire 
found  in  the  variegated  sandstones  in  the  Bla,cL  Forest  (Sta.tes  of  Baden 
and  T7(irttei.iherg) ,  and  zircon  is  fcimd  in  the  sands  in  the  va^lley  of  t"ie 
Main  River  (States  of  3avaria  and  Rosse). 


Prussia. 


Bohzn  reportslfi.-:/  zircon  a.:  Oherlausitz,  Province  of ,  Sanony, 
Brazms  ,.M§/  in  an  ;articie  upon  the  effect  of  radium  ra.ys  upon 


150/  Venahle,  Francis  P. ,  Worm  cited,  p.  13. 

15S/  Pratt,  Joseidi  Ej'de,  Worh  cited,  p-m  11-13. 

Frosserd,  M.  Ch.-L.  ,  Minera.ur:  des  environs  de  Bagiiercs-de-Bigorre : 


160/ 

161/ 


Soc.  Francaise  M-.neral.  ,  Bill.  3,  P^ris,  1007,  pp.  313-314. 

_  Gr-rcos,  V.  Soriano,  Worm  cited,  -q.  13. 

162/  Berthois,  1.1.  L.  ,  Minc.rauo;  lourds  des  rocheo  erupt ives  et  crista'l- 
lophylliennes  de  Bretagne:  Compt.  rend.,  vol.  183,  IJo.  23,  Paris, 
J\ine  3,  1929,  pp.  1506-1503. 

165/  Venahle,  Francis  P. ,  Worn:  citi.jd,  p.  18. 

164/  Bolim,  C.  Richa,rd,  Worli  cited,  pp.  108  and  116. 

155/  Brauns,  R.  ,  Der  Bizifluss  von  R,ad.iumstr ah len  and'  die  Farhuiit';  von 

Sanidin,  Zirhon  and  .Oparz;  Rrictallf orra  des  Zirmons  a, us  Sanidinit 
vom  Laacher  See;  Centralh.  Lincral.,  Geol.  and  Palaon. ,  Eo.  23, 
Stuttgart,  Dec.  1,  1909,  pg).  722-726. 
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tlie  color  o;?  zircon  (as  well  as  of  sri'idine  and  ovartz),  refers  to  zircon 
froir.  Laacher  See,  frocr  xTiedenrondi:,',  aood  frcrc  Ffitsefi. 

Of  the  zircon  iroiv.  La£icher  See,  the  a.uthor  s.evs  that  in  the 


oeddei  in  sanidinite.  It  is  less  irccner.i 
The  flrso-nentionec  forz’  onplds  sinr-li,  thin,  doiri:.a.nt, 
forrssd  cryste.ls.  As  a  rrAe,  the  thic'nicss  of  the  nris- 
millrreter,  and  the  lena-th  is  fro: .  2  to  4 


vuys  for  the  most  part,  in 

.nd  in  some 

nlaccs  bei'Aj:  em- 

•  found  er.be 

dvded  ii-i  smi finite 

domi:.a.n'.: , 

■  jri3r'.;!,ticcJ.l3/- 

if  the  pris-' 

is  less  than  a 

■  ilimeters. 

descrioes 


Specimens  from 
as  an  emhedded. 


the  haraitic  lava  of  ITiedermendi-^  tho 
red,  lon^t,  rrisioatic  zircon  crystal. 


a'^itnor 

the  ioeasure- 


ivents  of  v-iich  are  not  reported,  as 
descripticn  of  the  spec?.rien3  from  pf 
ervstods,  which  did  not  i-cqniro  a  tr 
radiir.i  rays. 


the  surfaces  are  r>our.dcd.  Tie  only 
itscl'i  is  tiia.t  they  are  colorless 
..ce  of  color  irhon  stihjected  to  the 


Great  >3ritain 


A  detailed  description 
mentary  rochs  is  piven  Dy  Boswel! 
cerr)ts  are  tchen. 


of  the  p-urple  zircon  in  British  seii- 

froro  Those  rorh  the  follcwin;  ex- 


The  purple  or  rose-cnlorco  variety  of  zircon  is  especially 
characteristic  of  those  British  sodinents  in  which  mirerrls  derived  fron 
I'GSionally  mct.oi^iiorpliosed  rochs  arc  aouniant  and  of  fresh  ao  'scrance . 
provide  additioixal  evidence  that  the  deposits  were  lori^ed  h;"  denndation 
of  islcjid  masses  corcosed  of  crr'str.liine  metanor-ohic  rochs. 


Tl'-ey 


Briti'-h  deposits  in  which  ourole  zircon  may  considered  an 
ahundart  er.d  chu;:.racteri3tic  const.vo'uont  of  the  sedfments  and  in  wdJ.ch  it 
is  excomnanied  hy  other  signi floruit  letrital  minereJs  are  the  various 
divisions  of  the  Cerhoniferous,  Peiahan,  and  Bxuater  vocl'.s,  and  the  Lower 
Greensaiid. 


In  txiG  Cr.rboniferous  rocas  of  Scotland  ar:d  nox-thern  Ire^icud, 
purple  zircons  ^  re  fo'and  in  ^'ireat  abmidancs,  and  they  arc  often  of  a 
tyulc?,!  deep  color  and  of  ovoid  for.-.. 

In  the  Permian  rochs,  to  tnc  nortlx  of  B:i£.lruid,  purple  zircons 
are  by  no  means  unco.Tmon. 


The  purple  zircon  is  e  chrracteristic  ard  common  constituent 
of  Trie,ssic  sediments;  it  appears  to  be  abunda.nt  in  the  Buntcr  rochs;  ai:d 
it  is  fo^und  throuenout  Y^^rhshir.,;.  rerbyshire.  ,aiid  Lot tincha.iShiro.  the 
165/  Boswell,  p.  G.  H.  ,  the  Di.  tributio.i  of  P^irplc  Zircon  in  Bricis'n 


Sedimentary  Rochs:  Mineral  M- 
London,  1928,  -ou.  310-317. 


and  Jour.,  vol.  21,  liinora,!.  Soc.  , 
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Midlands,  the  TJelsh  "borders,  Lancashire,  Cheshire,  the  Vale  of  Cler^d, 

Cumber  land,  ilntrim,  end  Arran. 

The  localities  vrhere  nurale  zirco:i  is  plentiful  in  the  Lower 
Greensand  are  almost  too  numerous  to  aention,  but  the/  ranpe  throughout 
the  outcrop  north  mid  south  of  the  Veald,  the  Isle  of  TTi/ht,  Ber'.ishire, 
Oxfordshire,  Bedfordshire,  Buchir^hra.shirc ,  Cambridgeshire,  and  iJorfollr.. 

Greenland 

Vena,blc  reports  zircon  in  Greenland.!^/  According;  to  a,  ronort 
of  the  U.  S.  Geological  Surve7,iG3/  elpidite  is  foimd  at  one  localit;’-  in 
southern  Greenland. 

Gordon,  in  his  description  of  the  noted  cryolite  mine  at  Ivigtut, 
Greenland,  st^.tes  that  eudyalite  is  of  common  occurrence  in  the  adlatline 
syenites  about  the  Tunugdliai’f i'::  and  IZah.?erdluars'd'.:  fiords  of  the 
Julianehanb  district;  and  that  55  tons  were  collected  ior  technicaJ  pur¬ 
poses,  according  to  h.  J.  V.  Steenstrup.  It  occurs  dissamina.tod  in  the 
roc'n,  a.s  well  as  in  veins,  and  Gordon  re.:.iar'’as,  perhans  prophetically, 
that  "this  district  snould  oecome  an  imoortant  producer  of  this  minorrl 
if  a.  use  for  it  is  ever  discovered.  . 


"159/ 


Holland 

In  the  sand  dunes  of  Holland  a  small  percentage  of  zircon  has 
been  found,  the  zircon  and  rutile  together  carprisin,’  0.05  per  cent,  of  the 
mincraJ  constituents  of  the  sand.  The  zircon  has  a  specific  gravitj^  of 
4.0  to  4.5.120/ 


Knipany 

An  examimtlon  of  the  sane  s  talien  from  the  bed  of  the  Danube 
Hivor  at  Budapest  revealed  that  the  sands  contain  opal,  granite,  magne¬ 
tite,  quartz,  calcite,  apatite,  tourmaline,  zircon,  rutile,  etc.  The 
zircon  is  among  the  minerals  mentioned  c,s  ha.ving  their  ori',’in  in  the 
Alps.  Zircon  occurs  in  rounded  grai is  and  in  less  rounded  fprmq,  color¬ 
less  prismalic  crystals,  measuring  0.13  to  0.25  miiluaejtor^.ji 

Worn  cited,  p 


167/ 

160/ 

169/ 

170/ 

171/ 


Venable,  Prancis  P. ,  Worn  cited,  p.  13. 

Pratt,  Joseph  Hyde,  Uorl:  cited,  nw;.  11-13. 

Lee,  0.  Ivan,  Worm  cited,  pi.  23-35. 

Garces,  V.  Soriano,  Worl:  cited,  p.  17. 

Zeitschrift  fur  IZrpstallogra.phic  mid  Minora  logic.  Abstracts,  Daten 
zur  mineralogischen  Hc'nnt.m'.s  ces  Sandes  dor  Doupu:  Vol.  53,  Lef.izig 
and  Berlin,  1914,  po.  G1  and  64. 
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,  . 

17?  / 

Baddeleyite  is  fotmd  in  It.al.Y,  r.crordiiV.'  Scha'.lor. — 

Dr.  3rj’cesiZ5  saj'^s  fjirt  Art^ni,  in  ills  porliZ^  on  the  miner¬ 
alogy  of  tho  sands  of  Tesino,  at  the  cxtrene  so-utAern  p^xt  of  L.>x  Covrio, 
reports  the  seprxation  of  zircon,  v.dtli  gold,  pyritc,  iliiienite,  rnrjgnetite, 
rutile,  and  other  minerals. 

GoJcesiZ^/reports  also  chai:  Gsiel3.iiZ§/  studied  vrorious  speci¬ 
mens  of  sand  from  Porto  d'Anzio  and  fror.  the  coast  octueen  ITaples  and 
Civitavecchia,  rhere  he  found  zircon,  a,lpa'''’s  accompanied  'o^  augite, 
olivine,  mouoclinic  feldspar,  titaniferous  may;netito,  and  calcite.  In 
the  sands  occurred  also  quartz,  plag’iocla.se,  leucite,  and  apatite.  Judg¬ 
ing  from,  the  distribution  of  zircon  .u'ro:-.:  the  mouth  of  the  Yoltunno  .River 
toTfard  the  north  along  the  entire  cof  st,  from  the  state  of  proserva.tion 
of  the  crystals,  froiri  their  prismatic  for.;.,  from  their  yeldor  color,  and 
from,  the  difference  of  this  zircon  fro/.i  that  of  Vesuvius  (rhich.  is  octo- 
hedral  and  blue),  Uzielli  inferred  that  tho  deposits  perc  chiefly  al]uvial, 
except  toward  the  south,  where  they  \;ero  probably  ocean  deposits. 

Of  the  altered  zircons,  cyrtolite  is  hnown  in  Italy. 222/ 

Norway 


Venable  reports  zircon  in  l'Torv.'a.Y.222/  According  to  Iddii'm:§,222/ 
zircon  occurs  very  abundantly  in  certain  syenites  of  Norway'.  Pralt=l2/ 
locates  the  following  noncomriieroial  zirconium-bearing  minerals,  in  south¬ 
ern  Norway’’:  rosenbuschite,  a.ssocia.ted  with  zircon,  elaeolite  (eleolite), 
etc.,  in  syenite;  lovenite,  associa.tcd  pith  elaeolite  syenite;  eudyalite 
in  syenite;  cs.tapleite,  hiortdahlite,  nolTiaignite,  amd  several  other  minor 
zirconium  minerals,  associaled  viti.'.  zircon  in  syenite.  Wohlerite  oociu’s 
in  zircon  syenite  on  several  islamds  along  the  soutuern  coast  of  Norway. 


172/  ■  Schaller,  Waldcmax 


Zircouiiuu;'!  a.nd  Barc-IIarth  Minerals:  Min.  Res. 


of  tne  United  States,  1916,  pt.  2,  U.  S.  Geol.  Sruvey,  1917,  pp 


173/ 

174/ 

175/ 

176/ 

177/ 

178/ 

179/ 


130/ 


377-385. 

Garces,  V.  Soriauio,  Work  cited. 


J.O. 


Giorn.  min. 


i  petr. ,  vol.  2,  1391,  p?,. 
515. ) 


1-19. 


Artini,  E. ,  _ 

(Ncues  Jahrb.,  vol.  1,  1692,  n. 

Gaxces,  V.  Soriano,  Work  cited, lC-11. 

Uzielli,  G. ,  _ ;  Atti  R.  Acoa.d.  Lincei,  vol.  3,  1376.  (I'.'euos 

Jalirb.,  1877,  n.  303.) 

Lee,  0.  Iva-i,  Work  cited,  -yp.  29-35. 

Veno-ble,  Francis  P. ,  Worl;. cited,  p.  IS. 

Iddings,  Jo'oe'ii  Pa,xson,  Rock.  Minerals,  ‘fneir  Gnemical  aiad  Fnysical 
Chaxacters  and  Their  Determi:ia.tion  in  Uiin  Sectio.is:  Nop  York, 
1906,  548  pu. 

Pratt,  Jose-dh  Hyde,  Wor:..  cited,  -p.u  11-13. 
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BohialSl/  reports  eudyalite  at  Brevik  (Brsvig)  and  Skudesundslcjar, 
near  Barkevik,  Norway, 


Port-ggal 

A  zircon  crystal  (red  hyacinth)  was  reported  at  Mount  Suirao 
(Bellas,  near  Lisbon) 

\ 

Roumania  > 

Venable  reports  zircon  in  Transylvania,!^^  a  division  of  the  new 
kingdon  of  Roumania,  _  •  ' 

jR^si^ 

Since  1920  the  Mineralogical  Museum  of  the  Acadeinf  of  Sciences  of 
the  Union  of  the  Socialist  Soviet  Republics  and  the  Research  Institute  of  the 
ilorth  together  have  been  investigating  al2caline  roCks  in  the  central  part  of 
the  Kola  Peninsula,  lying  between  67°35*  and  67°  55*  north  latitude,  in  dis¬ 
tricts  Imoiwi  as  Hibina-  (or  Umptek)  and  Lujavr-Touudra  (or  Lujavr-urt) ,  The 
total  area  of  the  massives  is  1,600  square  Itiloraeters.  The  country  is  barren, 
badl3'  dissected,  1,200  meters  above  the  level  of  the  sea,  covered  with  sv;amxjs 
and  forests,  and  free  from  snow  only  two- or  three  months  of  the  year,  during 
the  polar  summer.  However,  this  region  has  first  rani;  among  mineral  dis¬ 
tricts  for  the  beauty  of  the  specimens,  for  the  pecularity  of  the  minerals, 
the  number  of  rare  combinations,  and  for  the  interesting  genetic  relation¬ 
ships.  PersmaniS-^/  says  that  15  of  the  30  minerals  found  in  the  nepheline 
syenites  and  their  endocontact  zones  are  zircono-titano-silicates  (of  the 
eudyalite  group):  aenigmatite,  astrophyllite,  oucolite,  eudyalite,  lavenite, 
lampropiij'llite,  lovchorrite,  mangan-neptunite,  mesodialyte,  murmanite, 
ramsayite,  rinkolite,  rosenbuschite,  titano-elpidite,  and  wohlerite, 

Kostilewa!^^  has  given  a  full  description  of  the  work  in  the  Kola 
Peninsula  with  respect  to  zirconium-bearing' ores  and  also  of  the  zircon 
region  of  the  Urals,  a  translation  of  which  follows,  as  well  as  a  translation 
of  his  discussion  of  the  economic  status  of  zircon  in  Russia,  ; 


181/  Bohm,  C.  Richard,  Work  cited,  pp.’  108  and  116, 

182/  Bello,  A.,  Portugiesische  Mineralien;  Zircon:  Ztschr,  Krystall,  und 
Mineral.,  vol,  53,  No.  1,  Leipzig  and  Berlin,  1913,  p.  55. 

133/  Venable,  Prancis  P.,  7/ork  cited,  p.  18, 

184/  Persman,  A.  E.,  Minerals  of  the  Kola  Peninsula:  Am.  Mineral.,  vol.  11, 
Mineral,  Soc.  Am,,  Nov.,  1926,  pp.  289-299.  ^ 

185/  Kostilewa,  vonE.,  Zirkonium:  Ztschr.  prakt.  Geol.,  Mar.  27,  1929, 
pp .  42—45 . 
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Kola  Peulnsv.la 

Deposits  of  eud;j^alite  and  e-ncolite  occur  in  the  Cliibina 
Tundra  (Umpteic)  and  in  the  Lujav'.nit  of  the  Kola  Peninsula,  where 
these  minerals  accompany*  ve  ini  Ike'  segregations  in  the  nepheline 
spenite.  The  width  of  these  vein  segregations  is  never  great. 

On  an  average,  their  width  is  ^  meter,  Sxcd  their  length  is  3  to  5 
meters.  Their  form  is  generall/  lentic’ular.  The  vein  segrega¬ 
tions  lie  along  the  slopes  and  upon  the  plateau-lihe  mountain 
crest,  3C0  to  1,000  meters  hif^.  The  amoimt  of  eudyalite  in  some 
of  these  veins  retiches  30  to  40  per  cent  of  t}'e  weight. 

Tno  minerals  that  most  genera-lly  accompany  the  eudyalito 
are  aenigraatite,  aegirine,  ,  lampropliyres,  rinhite  (”rlnkolite"? ) , 
nepheline,  felds''pr.r,  less  often  titani’jiii,  etc. 

Considering  the  narrow  width  of  the  pegmatite  veins  that 
contain  eudyalite,  only  a  small  number  of  the  districts  that  are 
rich  in  such  veins  can  have  practical  significance. 

To  such  districts  belong,  as  a  result  of  the  expedition  of 
A.  Persman;  (member  of  the  Academy)  into  the  Umpteic  in  1920,  the 
following: 

1 >  Eudyalite-aenigmatite  segregations  of  the  plateau  of  the 
South  Tschasnat schorrs,  whicn  are  situa.ted  in  the  valley  of  the 
Lutnerma,-]ok  Hiver,  at  a  distance  of  4  to  5  hours  from  the  station 
of  Cjiibina. — The  deposits,  are  on  the  plateau- like  crest  of  the 
massif  at  a  height  of  1,000  meters  a,bove  the  Imandra  Lake  (the 
ascension  requires  Iw  to  2  hours).  They  are  composed  of  alluvial 
beds  of  primary  deposits  and  of  lenticular  segregations  at 
Chibinit.  A  small  amount  of  ore  can  be  collected  by  hand;  a 
greater  yield  will  require  a  different  method  of  mining. 

2 .  The  northern  Zirlcus  of  the  Tschasnatschorr .  which  omens 
into  the  Tschasnaiolcal ,  7  hours  from  the  station  of  Imandra .  — Thi s 
deposit  presents  detached  accumulations  of  large  bowlders  of 
nepheline  syenite  strongly  enriched  with  eudyalite  at  the  bottom 
or  base  of  the  Talzirkus  (200  to  300  meters  hi^i) . 

In  order  to  calculate  the  reserves  of  eudyalite  in  this  dis¬ 
trict,  special  research  will  be  necess-ary;  nevertheless  teraporar;’’ 
observations  during  the  course  of  the  expedition  have  already  indi¬ 
cated  tliat  this  deposit  is  richer  than  that  of  the  southern 
Tschasnatschorr.  Por  the  purposes  of  production,  the  greet  fault 
blocks  will  have  to  be  blasted,  or  broken  up  in  some  other  way. 
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3 «  The  district,  of  tne  northern  Ljavotschorr ,  the  southern 
slope  of  the  L.java.ioktalG. — This  iistriot  lies  at  a  distance  of 
8  to  9  hours,  over  had  roa.ds,  fro:;i  tae  station  of  Imandra,  The 
district  is  the  richest  in  eudyalite.  It  is  composed  of  mamerous 
lenticular  segregations  of  epdyalite,  lariipropiij’^res,  o.egimatite, 
and  rinlcite  (riiikolite? ) ,  stretching  from  northwest  to  southeast, 
one  of  which  was  opened  up  hy  blasting,  by  the  expedition  of  the 
Academy  of  Science  and  of  the  Institute  of  the  North.  This  ' 
deposit  afforded  approximately  160  kilograias  of  e^idyalite,  with 
rinkolite  and  lampropliyres  (a  rich  material  for  scientific  and 
museum  purposes).  These  segregations,  however,  can  not  yet  be 
worked  and  assembled;  they  lie  as  rich  material  upon  the  place  of 
their  occurrence.  The  presence  of  rinkolite  (which  is  rich  in 
cerium  oxide  and  wMch  can  be  won  together  vdth  the  eudyalite) 
increases  the  value  of  this  deposit. 

The  eudyalite  found  in  this  vein  has  the  following  analysis: 


Per  cent 

SiO., . 

. .  49.43 

Zroi 

. . i..  15.30 

^2 . 

‘TiO^ . 

Fft_0_  . 

2  3 

Al^O^  . 

. 

FeG  . 

MnO  . . 

CaO  ......... 

. .  . .  12.29 

MgO  . . 

TJp  O . 

K2O  . 

. 

Cl  . 

Total . 100.08 


In  order  to  calculate  the  total  amount  of  eudyalite  in  this 
region,  a  special  investigation  will  be ’ necessary;  however,  one 
can  now  take  for  granted  that  here  at  least  2  tons  of  eudyalite 
are  at  handi  For  production,  blasting  will  be  necessary. 
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4.  The  Privince  of  Zirijxs  Sengis  in  Lu,1avrut. — ^Upon  the 
northwest  slope  of  the  Sengistschorr ,  about  400  meters  higli, 
are  found  outcrops  of  eud^lite-lujavrit ,  which  contains  20  to 
40  per  cent  of  oud^alite.  The  outcroppings  of  this  rock, 
several  meters  in  width,  can  be  traced  many  thousand  meters 
along  the  whole  slope  of  Talzirkus;  and  they  indicate  signifi¬ 
cant  acctuirulations.  The  eudyalite  in  this  rock  has  the  form 
of  little,  pillar-shaped  crystals,  which  are  regularly  scattered 
in  the  mass  of  feldspar,  of  nepheline,  and  of  the  other  minerals 
of  the  rock.  No  special  research  into  the  character  of  these 
stratifications  and  no  estimate  of  the  qujUntity  of  the  eudyalite 
have  been  attempted.  At  the  present  time,  it  is  impossible  to 
reach  these  deposits,  since  all  connection  with  the  railroad, 
which  is  more  than  80  kilometers  distant,  is  lacl^ing. 

Doubtless  new  deposits  will  be  found  throu,^  further 
searching  in  Umptek  and  Lujavrut,  vikich  for  the  practical  ex¬ 
ploitation  of  eudyalite  will  be  of  importance. 

Urals 

The  most  important  district  for  the  production  of  zircon  in 
the  Urals  is  that  of  the  Ilmen  Mountains,  where  the  outcropping 
of  zircon  is  associated  with  pegmatite  veins. 

The  Ilmen  range  of  mountains  is,  in  a  petrographical  sense, 
built  up  of  granite  gneiss,  neph3line-s3''enite  (miascite),  and 
syenite.  The  lateral  extensions  of  the  granite  gneiss  a.re  the 
most  significant.  The  zircon-bearing  pegmatite  veins  lie  chief¬ 
ly  in  syenite,  less  often  in  granite  gneiss,  and  still  less  often 
in  miascite.  The  chief  distribvxtional  area  of  zircon-bearing 
veins  is  the  southern  part  of  the  main  massifs  of  the  Ilmen 
Mountains,  between  Lake  Miass  in  the  north  and  Lake  Ilmen  in  the 
south.  It  consists  of  miascite  and  is  inclosed  by  small  out¬ 
croppings  of  syenite  rock.  Numerous  mining  works,  which  have 
been  in  existence  since  1888,  are  developing  pegmatite  veins  of 
almost  the  same  structure.  The  rock  of  the  veins  consists  in 
all  the  mines  almost  entirely  of  miite  and  red  potash  feldspar, 
with  biotite  and  a  little  eleolite.  The  zircon  is  in  large  and 
small  crystals,  2  to  3  centimeters  in  diameter,  inclosed  especial¬ 
ly  in  feldspp-r,  less  frequently  in  biotite,  and  still  less  fre¬ 
quently  in  eleolite. 

Accessory  minerals,  which  accompany  the  zircon  in  the  veins, 
are  magnetite,  pyrochlore,  apatite,  etc. 
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The  principa-l  mines  that  are  v/orthy  of  note  are  in  the 
follovzin^  districts: 

Oh  the  left  haiik  of  tliQ  Tscliei'ems'chanlca  River. — A  group  of 
deposits,  estaolished  hy  Barbot  do  Llarny  and  S'.  Blirn,  lies  on  the 
left  banlc  of  the  Tscheremschanl:^,  nivor.  The  zircons  occur  in 
rather  large  quantities;  they  are  transparent,  bro’/rnish-red,  but 
not  very  large.  The  largest  mine  roaches  the  length  of  24  meters 
by  a  depth  and  width  of  6  meters.  In  the  year  1827  the  largest 
zircon  crystal  that  w?.s  ever  found  in  the  Ilmen  Mountains  was  won 
here.  It  weighed  2.5  kilograms. 

Vicinity  of  Rosclikow  ST)riny3. — The  mines  in  the  vicinity  of 
Raschl^ow  are  the  nines  of  Hedikortzew.  On  the  left  bah!r  in  granite 
gneiss  are  two  mines,  the  larger  of  which  is  4  meters  long  and 
about  2  meters  wide  and  deep.  The  zircons  found  here  are  pure 
Vat  not  large. 

Mines  along  the  Kanenka  and  Uzkow  Springs. — The  deepest  mine, 
established  in  the  presence  of  the  acadanician  21.  Kokscharow,  is 
about  50  meters  long,  3  meters  deep,  and  about  meters  wide. 

This  mine  has  yielded  numerous  and  very  large  ci-ys't^ls,  7  to  8 
centimeters  long.  ' 

The  zii’con  mines  of  Qasberg. — The  largest  of  these  mines, 
about  8  meters  long  and  approxiim'-tely  1^-  meters  deep  and  wide, 
has  yielded  numerous,  though  not  very  large,  crystals. 

The  Blumsche  mine. — The  Blumsche  mine,  ohe  of  the  richest, 
is  found  in  Absturz,  on  the  left  bank  of  Uzkow  Springs.  It  has 
for  some  time  yielded  a  quantity  of  crystals.  In  the  summer  of 
1926,  through  the  South-Ural-Trust ,  480  kilograms  of  zircon  ’rere 
washed  from  the  deposits  of  this  r.due. 

It  is  impossible  to  calculate  the  reserves  of  zircon  in  the 
mines  described  above;  for  the  pegmatite' veins  have  seldom  come 
to  the  surface,  and  the  whole  district  is  poorly  explored.  Doxibt- 
less  in  the  near  future  new  zircon-beG-ring  veins  will  be  uncov¬ 
ered.  Tlie  eorplqitation  of  Zircon  by  blasting  will  be  certainly 
very  costly  and’ not  sufficiently  productive,  as-  the  occurrence  of 
zircon  in  the  mines  is  very  scattered  and  seems-  to  be  by  chance. 

Of  greater  importance  are  the  natural  outcrops  of  pegmatite  and 
the  dumps,  of  old  mines  that  accum-ula.ted  during  the  working  of  the 
mines  in  the  Ilmen  Mountains.  Only  through  the  ^^Tashing  of  these 
deposits  can  the  extraction  of  zircon  be  productive  and  profit¬ 
able — a.  fact  that  the  output  of  the  sumraer  of  1926  has  already 
shown.  One  may  conjecture  that  th'^ough  the  washing  of  these  de¬ 
posits  in  the  Ilmen  Mountains  not  less  than  1,600  kilogra.ms  of 
zircon  can  be  won. 
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Besides  the  deposits  in  t’n.e  Ilmen  Moimtains,  in  the  recent 
period  of  the  activity  of  the  "B^u-e  Elements"  trust,  neir  deposits 
of  zircon  sands  in  the  Province  of  Transhailsalia  (in  Siberia) 
have  been  found.  They  are  in  the  vicinity  of  the  wolfrrmite 
occu-vrences,  and  their  sands  contain  about  Z  per  cent  of  zircon. 


0':tput 

The  production  of  zircon.^b.3  Ilmen  Mountains  liii-s  already 
(since  1028  to  the  present  time)  been  luid er token  by  Barbot  de 
Mamy,  Kokscharow,  and  Blum^,  eyclnsivcly  as  njasem  material. 

First  in  the  eighties,  v;hen  tne  foreign  market  showed  interest  in 
zirconium,  and  rhen  inquiries  from  abroad  concerning  zirconiimi 
were  received,  the  winning  of  zircon  in  the  Illmon  Mo\intains, 
through  the  washing  of  mins  deads,  began.  The  peak  of  the 
industry''  was  in  1387.  In  the  suamer  of  that  year  410  to  640 
kilograms  of  zircon  arrived  at  the  ?etersbu.rg  mineral  market  for 
fttrther  sale  abroad.  At  the  same  time,  however,  the  foreign  in- 
nuirios  ceased,  and  the  Eussian  zircon  V7as  takeii  out  of  trade 
(commerce),  since  cheap  American  zircon  had  conquered  the  world 
market.  An  enormous  slump  in  prices  was  the  result.  From  thet 
year  on  the  production  of  zircons  in  the  Urals  ceased  or  was 
carried  on  only  by  collectors  for  museum  purposes. 

In  time,  interest  in  the  production  of  zircon  revived.  From 
1925  on,  the  South-Ural -Trust  carried  on  at  the  same  time  its 
seo-rching  for  and  the  production  of  zircon. 

The  production  of  eud^’’alite  has  not  again  been  started,  un¬ 
less  one  takes  into  consideration  the  research  erqpedition,  uiider 
the  name  of  the  Iviineralogical  L’useum  of  the  Academy  of  Science, 
in  the  summer  of  1925.  It  wa-s  organized  in  the  plateau  district 
of  the  Southern  Tschasnat schorr .  It  obtained  about  20  kilograms 
of  ore,  v/hich  was  rich  in  eudya,lite. 


Spain 

T  O  C  / 

The  zirconiferous  sand  of  Vigo,-=^/  a  port  on  the  northwestern 
coast  of  Spain,  is  of  gam  grade  ("gemi'iiferous") ,  like  that  of  Ceylon,  and 
is  entraordi.uirily  rich  in  zircon.  The  proportions  of  the  different  mineral 

in  the  sands  are  shown  in  the  following  table. _ _ 

183/  Gkxrcijs,  V.  Soriano,  Work  cited,  76  pp. 
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Per  cent 


Zircon . . .  57.3 

Hutile  .  7.6 

Magnetite  .  7.1 

Q,nart2  .  6.7 

Peldspar  .  3.2 

Sstaurolite .  2.9 

Cassiterite .  1.2 

Voigtite  C’vigoita” ) . .  1.0 

Tourmaline .  .3 

Limoni te  .  .2 

^Imandine  (garnet)  ...  .2 

Others  .  2.2 


99.9 

'This  proportion  of  S7.3  per  cent  of  zircon  is  nnusiiallv  hi^.  Dr.  Garces 
classifies  the  crystals  observed  at  Vigo  imder  four  different  tjy’pes.  The 
most  abundant  of  these  types  is  a  crystal  described  as  a  combination  of  faces 
that  measure  (100),  narrow,  (110),  and  (111),  with  slight  altitude.  The 
general  color  of  these  crystals  is  that  of  honey,  slightly  reddish  in  tinge, 
but  some  crystals  are  whitish.  The  t’^o  colors  give  to  the  sand  its. 
characteristic  light-brown  cast.  'The  Vigo  zircons,  probably  present 
originally  in  granites  and  granite  porpliyry,  are  as  a  rule  little  worn; 
they  were  accumulated  in  a  zone  where  surge  and  tide  are  slight. 

Dr.  R.  de  Bueni^/  determined  the  presence  of  zircon,  with  quartz, 
orthoclase,  plagioclase,  and  numerous  other  minerals,  in  the  bay  of  Palma  de 
Mallorca,  most  of  the  rare  and  heav3*  minerals  being  in  the  interior  part  of 
the  bay,  where  it  felt  the  influence  of  thepprt-side  river  detritus. 

Zircon  is  reported  to  be  in  the  rich  mercury  ore  of  Almaden,  Spain, 
the  description  by  Bech  being  as  follows:  "Cinnabar  between  grains  of 
quartzite  and  formed  by  replacement  in  quartz,  also  showing  sericite,  pyrite, 
and  zircon. 


Sv/eden 

Zircon  on  the  Island  of  Alno,  on  the  southeastern  coast  of  Sweden, 
when  analyzed  by  P.  J.  Holmquist,  showed  the  following  xsroportion  of  mineral 
oxides:^^^ 

187/  Bu.en,  R.  de,  Estudio  batilitpligicjs  de  la  bahiii  de  Palma  de  Mallorca, 
Trabajos  de  Oceanografia  y  Biologia  marina,  cidl’rigidos  por-  el  P3:*of. 

Dr.  Odin  de  Buen,  Director  del  Institute  Espanol  de  Oceanografia, 
Mada'id,  1916. 

188/  Lindgren,  Waldemar,  Work  cited,  p.  495. 

189/  Hogbom,  A.  G.  (In  Upsala,  earlier  in  Stocldiolm) ,  Mineralien  von  Alno; 

Uber  das  Nephelins-yenitgebiet  auf  der  Insel  AlnB:  Geol.  Poren.  P8rh. , 
vol.  17,  1895,  p.  100. 
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j.  • 


Per  cent 


Zirconirira  o-cide  ...  64.94 

Silicon  oxide  .  29.68 

Titani\m  oxide  ....  Trace 
Manganese  oxide  ...  .28 

Iron  oxide .  1.15 

Hydrogen  oxide  ....  3.86 

93.91 


cyrtolite 


Paddel  eyi  t  o— Q/ 

.191/ 


also  iias  “been  identified 


in  Sweden, 


ac  well  as 


Switzerland 


0.  Meyer,  in  1878,  described  microscopic  twin  crj^-stals  growing  out 
of  the  hornblende  and  the  mica,  and  limestone  slate  of  the  St.  G-otha,rd  tuimel. 
E.  Hussak  found  in  the  same  rocks  polys^thetic  twinning,  which,  according 
to  a  later  notice,  Meyer  also  observed. 1^^ 


1,90/  Schaller,  Waldemar  P. ,  Work  cited,  pp.  377-336. 

101/  Lee,  0.  Ivan,  Work  cited,  pp.  29-35. 

192/  Jahresbericht  uber  die  Eortschritte  der  Chemie  f^ir  1878,  Mineralogie; 
0x;'’’de,  Hydroxyde,  0xj’’dh2’‘drate;  Zirkon,  Rutile,  Brookite:  Vol.  31, 
Giessen  (Hesse),  1380,  p.  1214. 
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INTRODUCTION 

Hafnium  appears  to  be  among  the  more  abundant  of  the  newly  discovered  elements. 
Though  quite  widely  distributed  in  nature,  its  compounds  chemically  so  resembled  those  of 
zirconium,  its  sister  element,  that  it  escaped  detection  until  1923,  when  Coster  and  Hevesy 
announced  the  discovery  of  the  element,  to  which  they  gave  the  name  of  "hafnium",  from 
Hafniae,  the  Latin  name  for  Copenhagen,  where  their  research  work  was  performed.  Hafnium 
has  so  far  been  found  only  as  a  minor  constituent  of  zirconium  minerals.  Zirconium  as  an 
element  was  discovered  more  than  140  years  ago,  but  only  a  few  unimportant  uses  were  found 
for  the  metal  or  its  compounds  until  some  18  years  ago;  it  is  still  classed  among  the  rarer 
commercial  metals.  It  is  not  surprising,  therefore,  that  hafnium  has  not  yet  found  a 
definite  place  for  itself  in  industry.  Nevertheless  it  has  commanded  a  considerable  inter¬ 
est  among  scientists;  and  in  1930  some  70  grams  of  perfectly  pure  oxide  of  hafnium  were  pre¬ 
pared  in  Europe.  A  commercial  future  for  hafnium  is  already  glimpsed  in  the  radio  industry, 
and  its  high  melting  point  and  electronic  emissivity  have  already  led  to  the  taking  out  of 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  article,  provided  the  following  footnote  acknowledgment  is  used: 
"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6457." 


2  Chief  engineer,  rare  metals  and  nonmetals  division,  U.  S.  Bureau  of  Mines  assisted  by  Miss  E.  P.  Youngman  of  the 
Bureau  of  Mines. 
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patents  for  its  use  in  radio  tubes  and  incandescent  electric  lamp  filaments  and  for  the 
cathode  surfaces  of  devices  such  as  X-ray  tubes  and  rectifiers.^ 

Due  to  the  fact  that  the  separation  of  hafnium  (compounds)  from  zirconium  (com¬ 
pounds)  is  laborious  and  because  of  the  lack  of  any  extensive  demand,  hafnium  compounds  are 
expensive  and  not  particularly  easy  to  obtain  in  the  market.  In  the  United  States  practical¬ 
ly  none  of  the  metal  seems  to  be  available,  but  hafnia  (the  oxide)  and  hafnium  chloride  can 
be  purchased  in  small  quantities  at  a  price  of  approximately  $25  a  gram.  Ores  containing  up 
to  about  3  per  cent  of  hafnia  can  be  bought  for  about  50  cents  a  pound  and  ore  containing 
5.5  per  cent  may  be  had  for  $1.50  a  pound. 
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DESCRIPTION  AND  PROPERTIES 

afnium  is  element  number  72  and  falls  in  the  fourth  column  of  the  periodic  system 
between  zirconium  and  thorium.  The  atomic  weight  as  determined  by  one  of  the  discoverers  is 
probably  between  178.64  and  178.59.^  The  metal  has  the  same  crystal  structure  as  zirconium 
(hexagonal)  but  is  roughly  twice  as  heavy.  The  density,  according  to  the  latest  determina¬ 
tions  by  de  Boer  and  Fast  is  13.31,  about  the  same  as  quicksilver  and  substantially  heavier 
than  lead.  The  atomic  volume  figures  out  to  13.42.  The  melting  point  is  quite  high,  2500 
degrees  on  the  Kelvin  scale  (about  2227°  C.).  According  to  S.  Meyer,®  hafnium  is  diamag¬ 
netic.  The  electrical  resistance  at  0°  C.  is  variously  given  as  30  x  10~®  ohms  or  as 
41  X  10~®  ohms,  and  the  temperature  coefficient  of  resistance  is  0.0044  (0  -  100°). 

The  chemical  properties  of  hafnium  lie  between  those  of  zirconium  and  thorium  but 
are  much  closer  to,  and  in  fact  almost  identical  with,  those  of  zirconium.  The  high  melting 
point  and  light  emissivity  of  zirconia  are  shared  by  hafnia  -  hafnium  dioxide,  Hf02  -  which 
may  be  prepared  by  igniting  the  sulphate  at  1000°.  The  molecular  volume  of  hafnia  is  21.76, 
that  of  zirconia  21.50;  and  the  specific  gravities  are  9.68  and  5.73,  respectively.®  In 
general  any  chemical  reaction  characteristic  of  zirconium  is  also  characteristic  of  hafnium, 
although  certain  minor  differences  have  been  noted  by  Hevesy,  as  follows:^ 


3  Holst,  Gilles,  and  Oosterhuis,  Ekko,  Electric  Discharge  Tubes  with  Cathode  Surface  of  Hafnium;  U.  S.  Patent  1701849 
(to  Naamlooze  Vennootschap  Philips'  Gloeilampenfabrieken) ,  Feb.  12,  1929:  Chem.  Abs.,  vol.  23,  No.  6,  Am.  Chem. 

Soc..  Mar.  20,  1929,  p.  1315. 

Siemens  &  Halske  A.-G.,  Incandescence  Cathode:  Australian  Patent  109083,  Oct.  14,  1925;  German  Patent,  Dec.  17, 

1924;  Chem.  and  Ind.,  vol.  49,  No.  12,  London,  Mar.  21,  1930,  p.  246  of  Chem.  Abs.  sec. 

Patent-Treuhand-Ges.  f  r  Elektrische  Gl  hlampen.  Filaments  of  Hafnium  Carbide  for  Electric  Lamps;  British  Patent 
312273  (to  General  Electric  Co.,  Ltd.),  May  23,  1928;  Chem.  Abs.,  vol.  24,  No.  4,  Am.  Chem.  Soc.,  Feb.  20,  1930, 
p.  795.  ^ 

4  Hevesy,  G. ,  The  Discovery  and  Properties  of  Hafnium:  Chem.  Rev.,  vol.  2,  No,  1,  Am.  Chem.  Soc.,  Apr.,  1925,  p.  18. 

5  Mellor,  J.  W. ,  A  Comprehensive  Treatise  on  Inorganic  and  Theoretical  Chemistry:  vol.  7,  New  York,  1927,  p.  170. 

6  Mellor,  J.  W. ,  Work  cited,  pp.  170-171. 

7  Hevesy,  G.,  The  Chemistry  of  Hafnium;  Chem.  News,  vol.  127,  Sept.  21,  1923,  London,  p.  186. 
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While  the  fluorides  and  double  fluorides  of  thorium  are  prac¬ 
tically  insoluble,  the  corresponding  zirconium  compounds,  and  still 
more  the  hafnium  compounds,  are  fairly  soluble  in  cold,  very  soluble  in 
hot,  water.  By  this  method  zirconium  can  easily  be  separated  from  haf¬ 
nium.  The  mineral  is  melted  with  KFHF,  and  by  crystallizing  the  po¬ 
tassium  double  fluorides  the  hafnium  concentrates  in  the  mother  liquor. 

Hafnium  oxalate  is  soluble  in  excess  of  oxalic  acid.  The 
oxychloride  is  less  soluble  than  zirconium  oxychloride.  Hafnium  is 
more  basic  than  zirconium;  accordingly  the  latter  is  more  easily  pre¬ 
cipitated  by  ammonia,  sodium  thiosulphate,  etc.;  and  while  zirconium 
sulphate  begins  to  deoompose  above  400°,  the  temperature  at  which  haf¬ 
nium  sulphate  undergoes  marked  decomposition  lies  about  100°  higher. 

Thorium  phosphate  is  easily  dissolved  by  strong  acids,  zirconium  phos¬ 
phate  much  less,  whereas  hafnium  phosphate  is  found  to  be  still  less 
soluble . 

It  will  be  noted  that  chemically  the  principal  difference  is  in  basicities,  and 
even  this  is  too  slight  to  afford  a  means  for  separating  the  two  elements.  Actually  the 
only  basis  for  effecting  a  separation  is  essentially  physical  and  not  chemical;  it 
depends  upon  differences  in  solubilities  of  certain  of  the  compounds. 

OCCURRENCE 

On  purely  theoretical  grounds  it  is  reasoned®  that  hafnium  is  not  a  very  rare  ele¬ 
ment.  Elements  that  like  hafnium  (72)  have  even  atomic  numbers  are  known  to  be  more  common  than 
nearby  elements  in  the  periodic  system  (Mendeleef)  that  have  odd  atomic  numbers.  Thus 
germanium  (32)  seems  to  be  more  abundant  than  gallium  (31);  tin  (50)  than  indium  (49);  and 
lead  (82)  than  thallium  (81).®  Moreover,  a  study  of  the  relative  abundance  of  the  better 
known  members  of  the  same  family  in  the  lithosphere  tends  to  indicate  that  hafnium  is  at 
least  more  abundant  than  thorium.  The  oxides  of  silicon,  titanium,  zirconium,  and  thorium 
are  found  in  the  earth's  crust  in  the  percentages,  respectively,  of  59.09,  1.05,  0.04,  and 
0.002. 


The  only  known  sources  of  potential  supply  of  hafnium  are  the  various  zirconium 
minerals,  notably  zircon.  Thorium  is  the  higher  homologue  of  hafnium,  and  it  happens  that 
zircons  with  relatively  large  thorium  (or  uranium)  contents  have  been  found  in  several  cases 
to  contain  unusually  large  amounts  of  hafnium.  The  degree  of  radio-activity,  in  fact,  is 
considered  to  be  an  index  of  the  amount  of  hafnium  present  in  zircon  or  its  alteration 
minerals;  the  radioactivity  is  due  to  uranium  and  thorium,  and  hafnium  is  isomorphous  with 
these  elements.  So  far,  however,  no  hafnium  has  been  found  in  any  thorium  mineral. 

The  ratio  of  hafnium  to  zirconium  in  different  minerals  varies  between  wide  limits. 
In  the  case  of  minerals  associated  with  basic  igneous  rocks  the  ratio  is  rarely  more  than 
0.02  and  often  less.  In  minerals  found  in  acid  igneous  rocks,  such  as  granites,  the  ratio  is 


8  Lee  0.  Ivan,  The  Mineralogy  of  Hafnium;  Chem.  Rev.,  vol.  5  No.  19,  1928,  pp.  19-20. 

9  A  number  of  exceptions  to  this  rule  should  be  noted,  however.  Tin  (50),  for  example,  is  probably  less  abundant 
than  antimony  (51). 


9152 


I . C . 6457 . 


\ 


much  higher,  amounting  in  the  case  of  cyrtolite  (altered  zircon)  to  0.4  and  in  the  case  of 
thortveitite  to  0.5.  Zircon,  the  commonest  zirconium  mineral,  occurs  in  both  basic  and  acid 
rocks,  but  in  the  former  association  it  apparently  contains  scarcely  more  than  one-third  as 
much  hafnia  as  it  does  when  found  in  acid  or  granitic  rocks. 


List  of  zirconium  minerals  known  to  contain  hafnium^ 


(Specific  paired  analyses  are 

underscored) 

Name 

Per  cent  Zr09 

Per  cent  HfO* 

Baddeleyite  (distinct  crystals)  . 

96 . 5-97 ■ 7-98 . 9 

1.2 

Syn.  Brazilite  (fibrous,  botryoidal,  columnar) 

71-93 

Syn.  var.  (rock)  Jacupirangite  (crystallized).. 

(1.  Favas  (alluvial  pebbles)  . 

59-74-92.4 

0.5-0. 5-0.7 

Zirconia  (  (Brazilite  . 

71-93 

ore  (  (Zircon  . 

67 

(2.  "Zirkite"  ( . 

80-85 

(mixture)  (Unnamed  Zr  silicate 

( (orvillite?) 

75 

Catapleite  . 

31.53 

0.3 

Elpidite  . 

20.28 

0.2 

Eudialyte  . 

12.20-14.32 

0.1-0.2-0.17 

Var.  Eucolite  . 

12.21 

0.2 

Polymignite  . 

29.11 

0.6 

Pyrochlore  . 

2.90 

Trace 

Rosenbuschite  . 

19.80 

0.3 

Thortveitite  . 

2 

0.5 

Var.  "Befanamite" 

1.3 

1.0 

Wbhlerite 

15.61 

0.5 

Zircon  ,  . 

64.23 

0.98 

Hyacinth  . 

64.83 

1.2 

Var.  Hagatalite^  . 

39.5 

2.5 

Oyomalite^  . 

38.4 

2.5 

Alvite  . 

41.98 

4.6 

Alt.  Cyrtolite  . 

52.4 

5.5 

Malacon  . 

53.2-65.18 

3 . 4-2 . 6 

Naegite  . 

49^8 

3.5 

Zirkelite  . 

51.89 

1.0 

1  Lee,  0.  Ivan,  Work  cited,  p.  22. 

2  Kimura,  K.  Zeit.  Phys.  Chem.  vol .  128,  1927,  p.  396. 
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List  of  zirconium  minerals  not  reported 

investigated  for  hafnium ^ 


Name 

Per  cent  of  Zr0<> 

Astrophyllite  . . 

1.21-4.97 

Beckelite  . 

2.5 

Chalcolamprite  . 

5.71 

Endeiolite  . 

3.78 

Guarinite  )  Identical?  . 

19.70 

Hiortdahlite )  . 

21.48 

Johnstrupite  . 

2.84 

Lavenite  . 

28.79-28.90 

Leucosphenite  . . 

3.5 

Loranskite  (var.  wiikite)  . 

20.00 

Lorenzenite  (ramsayite)  . 

11.92 

Mosandrite  . 

7.43 

Nohlite  (var.  samarskite)  . 

2.96 

Oliveiraite  (alt.  euxenite)  . 

63.36 

Orvillite  (in  zircon  in  "caldasite") 

68.04 

Riebeckite  (arfvedsonite )  . 

0.75-4.7 

Soda-catapleite  (var.  ■  catapleite)  .... 

30.80 

Uhligite  . 

21.95 

Zircon  . 

Alt.  Auerbachite  . 

38-61.53-69 

1  Lee,  0.  Ivan,  Work  cited,  p.  24. 

IDENTIFICATION  AND  ANALZSIS’° 

Although,  for  authentic  determination  of  the  actual  hafnium  content  of  minerals 
and  ores,  reliance  must  for  some  time  to  come  be  placed  on  experienced  chemists,  the  radio¬ 
activity  of  the  mineral  might  aid  in  preliminary  identification  and  even  in  an  approximate 
estimation  in  the  case  of  the  different  varieties  of  zircon  and  its  alteration  minerals.  As 
different  types  of  altered  zircon  that  have  been  found  to  be  richest  in  the  new  element  are 
pseudomorphic  after  zircon,  it  is  not  difficult  to  recognize  their  square  pyramidal  form,  if 
specimens  of  various  alterations  are  studied.  If  such  minerals,  upon  identification  as 
zircons,  exhibit  pronounced  radioactivity,  it  may  be  assumed  that  they  contain  appreciable 
quantities  of  hafnia. 

Any  chemical  reaction  that  is  characteristic  of  zirconium  can  be  used  to  identify 
hafnium  also,  as,  for  example,  the  precipitation  of  phosphates  insoluble  in  concentrated 
mineral  acids,  the  coloring  of  tumeric  paper,  and  so  on.  As  hafnium  is  always  associated 
with  zirconium  in  nature,  the  practical  analytical  problem  in  dealing  with  the  new  element 
is  to  determine  the  hafnium  content  of  zirconium  preparations.  When  such  preparations  are 
quite  pure,  their  hafnium  content  can  be  readily  determined  (1)  by  density  measurements  or 
(2)  by  analysis  of  any  well-defined  compound  (e.g.,  one  of  the  double  fluorides,  the  sul¬ 
phate,  or  one  of  the  tetrafluorides) .  But  if  impurities  are  present,  the  method  of  quanti¬ 
tative  X-ray  spectroscopy  has  to  be  applied. 


10  Lee,  0.  Ivan,  nork  cited,  pp.  24  and  35. 
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GEOGRAPHICAL  DISTRIBUTION 

In  general,  any  discussion  of  the  deposits  of  zirconium  covers  deposits  of  hafnium 
as  well.  Reference,  therefore,  is  made  to  the  Bureau  of  Mines  information  circular  on 
zirconium  deposits.  A  tabulated  summary  of  hafnium  mineral  occurrences  follows: 


The  occurrence  of  hafnium  minerals  by  countries ^ 


Locality 

Mineral 

ZrO  2 

HfO, 

Africa : 

iego  Suarez  . 

Zircon  . 

0.8 

Madagascar  . 

Zircon  . 

0.9 

Madagascar  . 

Grey  zircon  . 

0.8 

Madagascar,  Befanamo  . 

"Befanamite , "  ( thortveitite ) 

1.3 

1.0 

Madagascar  . 

Malacon  (alt.  zircon)  . 

53.2 

4. 

Asia : 

Ceylon  . 

Beccarite  (var.  zircon)  ... 

2.1 

Ceylon  . 

Reddish-brown  zircon  . 

2.7 

Ceylon 

Zirkelite  . 

51.89 

1. 

India  (Travancore? )  . 

Zircon  from  monazite  . 

64.0 

1.2 

Japan,  Naegi  Mino  Prov.  . 

Naegite  . 

48.30 

7. 

Japan,  Naegi  Mino  Prov.  . 

Naegite  . 

49.8 

3.5 

Siam,  Province  of  Chantaboon 

Zircon  (transparent  blue) 

4.  ? 

Australia:  No  minerals  have  yet 

been  definitely  reported 

from  the  continent  as  con- 

taining  hafnium  . 

Tasmania 

1  Zircon  . 

(2) 

Tasmania  . 

Greyish  brown  zircon  . 

1.1 

Europe : 

Austria,  Carinthia  . 

Zircon  (transparent  white) 

4.? 

France,  Espailly  (Le  Puy)  . 

Zircon  (var.  hyacinth; 

transparent  red)  . 

64.83 

1.2 

France,  Espailly  (Le  Puy)  . 

Zircon  (var.  hyacinth; 

transparent  red)  . 

0.7 

France,  Espailly  (Le  Puy)  . 

Zircon  (transparent  green) 

1.1 

Italy,  Lonedo  . .  . 

Zircon  (yellow)  . . 

0.7 

Italy,  Lonedo  . 

Zircon  (red)  . 

0.7 

Italy,  Vicenza  . 

Zircon  (transparent  green) 

0.8 

Italy,  Vesuvius  . 

Zircon  . 

0.7 

Norway,  Barkevik  . 

Eudialyte  (var.  eucolite) 

14.47 

0.7 

Norway,  Barkevik  . 

Eudialyte  (var.  eucolite) 

12.21 

0.2 

Norway,  Barkevik 

Wdhlerite  . 

15.61 

0.5 

Norway,  Brevik  . 

Zircon  . 

1.0 

Norway,  Brevik  . 

Reddish-brown  zircon  . 

63.2 

1.0 

Norway,  Frederiksvarn  . 

Polymignite  . 

29.11 

0.6 

11  Lee,  0.  Ivan,  The  Mineralogy  of  Hafnium:  Chem.  Rev.,  vol.  5,  No.  19,  1928,  pp.  32-34. 
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Locality 

Mineral 

ZrOo 

Hf0  9 

Europe  -  (Continued: 

Norway,  Frederiksvarn  . 

Brown  zircon  . 

65.2 

1.0 

Norway,  Gjersted  . 

Alvite  (alt.  zircon)  . 

9. 

Norway,  Iveland  . 

Thortveitite  . 

2 

0.5 

Norway,  Hitterd  . . 

Malacon  (alt.  zircon)  . 

65.18 

2.6 

Norway,  Kragerd  . 

Alvite  (alt.  zircon)  . 

41.98 

4.6 

Norway,  Kragerd  . 

Alvite  (alt.  zircon)  . 

3. 

Norway,  Kragerd  . 

Alvite  (alt.  zircon)  . 

8. 

Norway,  Kragerd  . 

Alvite  (alt.  zircon)  . 

15. 

Norway  . 

Catapleite  . 

31.52 

0.3 

Norway,  Langesund  . . 

Brown  zircon  . 

1.7 

Norway,  Langesund  . 

Rosenbuschite  . 

19.80 

0.3 

Norway,  Larvik  . 

Greyish  brown  zircon  . 

6. 

Norway,  Risdr  . 

Alvite  (alt.  zircon)  . 

10. 

Norway  . 

Grey  syenite  (rock)  . 

3.8 

Norway,  Unneland  . 

Thortveitite  . 

0.8 

1.1 

Sweden,  Alno 

Pyrochlore  . 

2.90 

Trace 

Russia,  Miask  . 

Greyish  brown  zircon  . 

64.22 

1.1 

Russia,  Rojkow  Kliutsch,  Ural 

Brown  zircon  . 

0.5 

Russia,  Kola  . 

Eudialyte  (red)  . 

0.1 

North  America: 

Canada,  Eganville,  Ont . 

Brown  zircon  . 

1.2 

Canada,  Renfrew  County,  Ont.  .. 

Zircon  . 

0.6 

Canada,  Henvey  Tp.,  Parry  Sound 

Cyrtolite,  black  (alt. 

District,  Ont . 

zircon)  . 

2.11 

Greenland  . 

Zircon  . . 

0.8 

Greenland  . 

Catapleite  . 

31.53 

0.3 

Greenland,  Narsarsuk  . 

Elpidite  . 

20.28 

0.2 

Greenland,  Narsarsuk  . 

Reddish-brown  zircon  . 

0.8 

Greenland,  Narsarsuk  . 

Eudialyte  (red)  . 

12.20 

0.2 

Greenland,  Narsarsuk  . 

Eudialyte  (brown)  . 

12-16 

0.6 

Greenland,  Kangerdluarsuk  . 

Eudialyte  . 

14.32 

0.17 

United  States,  Connecticut  . 

Zircon  . 

1.0 

United  States,  Rockport,  Mass. 

Cyrtolite  (alt.  zircon)  ... 

40. 

9. 

United  States,  Rockport,  Mass. 

Cyrtolite  (alt.  zircon)  .... 

44. 

17.  (? 

United  States,  Bedford,  N.  Y. 

Cyrtolite  (alt.  zircon)  .... 

52.4 

5.5 

United  States,  N.  Car.  . 

Grey  zircon  . 

4.  (? 

United  States,  N.  Car . 

Brown  zircon  . 

1.3 

United  States,  Henderson  Co., 

N.  Car . 

Zircon  . 

4.0(‘ 

Oceania;  No  minerals  have  yet  been 

reported  definitely  as  con- 

taining  hafnium  . 

South  America; 

Brazil 

Baddeleyite  . 

97.7 

1.2 

Brazil 

Fava . 

92.42 

0.7 

Brazil  . 

Fava  (shell)  . 

59. 

0.5 

Brazil  . 

Fava  (nucleus)  . 

74. 

0.5 

Brazil  . 

Zircon  separated  from 

monazite  sand  . 

64 . 

0.4 

Brazil,  Caldas 

Zircon  . 

1.8 

Brazil.  Minas  Geraes 

Zircon 

1.0 

1  Lee,  0.  Ivan,  Work  cited,  pp .  32-34.  2  "Very  considerable." 
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The  richest  hafnium  ores  are  the  altered  zircons  (especially  cyrtolite) .  The  un¬ 
altered  zircons,  the  native  oxide  (baddeleyite )  and  eudialyte,  being  more  abundant  are  the 
more  important  of  the  leaner  hafnium  ores. 

United  States.-  Unaltered  zircon  (the  only  commercial  hafnium  ore  in  the  United 
States),  which  usually  contains  less  than  2  per  cent  of  hafnium  oxide,  has  been  mined  inter¬ 
mittently  in  Henderson  County,  N.  C.,  and  at  Pablo  Beach,  Fla.,  and  has  been  reported  in 
Virginia,  near  Ashland.  It  also  has  been  found  near  Indiahoma,  Commanche  County,  Okla. 
Baddeleyite  has  been  reported  in  Montana,  and  eudialyte  has  been  found  in  Arkansas. 

Of  the  altered  zircons,  cyrtolite,  which  is  the  most  widely  distributed,  occurs 
in  at  least  eight  States,  as  follows; 

California  (Southern) . 

Colorado,  Mount  Antero. 

Connecticut,  Branchville. 

Massachusetts,  Rockport. 

New  York,  Westchester  County,  near  Bedford. 

North  Carolina,  Mitchell  and  Henderson 
Counties  (three  localities). 

Pennsylvania  (five  localities). 

Texas,  Llano. 

The  cyrtolite  at  Rockport  (Mass.)  probably  contains  as  much  as  17  or  even  20  per 
cent  hafnium,  but  this  ore  is  very  rare,  as  it  is  in  Connecticut  and  Colorado  also.  As  a 
24-hour  exposure  of  the  cyrtolite  of  Texas  yielded  good  radiographs,  it  is  assumed  that  this 
ore  likewise  is  high  in  hafnia,  although  no  analysis  has  been  reported.  It  is  stated  that 
cyrtolite  was  abundant  in  the  famous  Baringer  Hill  locality  when  the  yttria  minerals  were 
being  mined  there.  The  radioactive  cyrtolite  of  New  York,  which  is  as  abundant  as  that  of 
Texas,  is  unusually  high  in  hafnia  and  appears  to  be  the  most  promising  domestic  source  of 
supply.  A  large  feldspar  mine  situated  near  Bedford  in  the  hills  of  Westchester  County, 
within  about  40  miles  of  New  York  City,  has  yielded  a  variety  of  unusual  mineral  specimens. 
Among  these  minerals  was  cyrtolite,  which  had  been  known  for  some  time  to  contain  a  small 
percentage  of  uranium  and  probably  rare  earths.  Mr  Lee  sent  a  sample  of  this  mineral  to 
Prof.  C.  James  of  the  University  of  New  Hampshire,  who  reported  the  presence  of  some  10  per 
cent  of  hafnia  in  the  mixed  oxides  (Hf02  and  Zr02).  James's  original  analysis  was  con¬ 
firmed  by  Hevesy,  who  found  approximately  9.5  per  cent  of  hafnium  oxide  in  the  mixed  zir¬ 
conium  oxides,  which  totalled  52.44  per  cent.  These  unusually  high  percentages  of  hafnia 
appear  to  be  rather  consistently  maintained  in  different  samples  from  this  locality,  although 
the  yttria  earths  content  varies  considerably.  The  deposit  is  not  large,  but  specimens 
weighing  10  or  12  pounds  are  not  uncommon;  and  Professor  James  actually  worked  up  a  fairly 
large  quantity  of  this  material  for  hafnium  and  its  associated  zirconium. 

Foreign  countries.-  Of  the  ores  richest  in  hafnia,  the  altered  zircon,  cyrtolite, 
occurs  in  India,  Madagascar,  Italy,  Sweden,  and  Canada  (Hybla  and  Parry  Sound  district, 
Ontario).  Alvite,  which  does  not  seem  to  be  common  but  which  was  useful  to  early  investi¬ 
gators  of  hafnium,  occurs  in  Norway. 


12  Lee,  0.  Ivan,  Work  cited,  p^.  25-29. 
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Of  the  ores  lean  in  hafnia,  the  zircon  of  commerce  has  come  from  the  monazite 
sands  of  Travancore,  India,  and  of  Brazil,  and  from  the  pegmatites  of  southern  Norway. 

Baddeleyite  (the  native  oxide),  known  for  37  years,  occurs  in  Ceylon,  Italy, 
Sweden,  and  especially  in  Brazil,  in  the  States  of  Minas  Geraes  and  Sao  Paulo.  Bowlders  in 
the  Brazilian  deposit  have  been  found  that  weighed  as  much  as  30  tons;  such  bowlders  would 
probably  contain  300  to  400  pounds  of  hafnium  oxide. 

The  complex  eudialyte,  said  to  be  a  third  hafnium  mineral  of  great  interest,  is 
reported  to  be  very  abundant  in  Hibina-Toundra  and  Lujavr-urt,  in  the  Kola  Peninsula  of 
Russian  Lapland.  (Although  specimens  of  about  a  dozen  others  of  the  rarer  zirconium  minerals 
have  been  collected  from  the  same  region,  only  the  eudialyte  has  been  analyzed  for  hafnium.) 
Eudialyte  is  reported  to  be  of  common  occurrence  in  the  alkaline  syenites  in  Greenland, 
about  the  fiords  of  Tunugdliarfik  and  Kangerdluarsuk,  in  the  Julianehaab  district. 

HISTORY 

D.  Coster  and  G.  von  Hevesy  are  credited  with  the  discovery  of  hafnium.  They  made 
their  announcement  on  January  2,  1923,^®  after  measuring  the  X-ray  spectra  of  a  number  of 
zirconium  minerals  and  finding  some  characteristic  lines  in  the  L-series  belonging  to  no 
previously  known  element.  The  X-ray  method  was  used  for  the  quantitative  determination  of 
hafnium  by  comparing  the  intensities  of  the  lines  of  a  known  amount  of  the  neighboring  ele¬ 
ment  tantalum  (number  73  in  the  periodic  table)  with  those  of  the  unknown  element. 

After  the  discovery  of  hafnium  there  was  some  controversy  following  the  claim  by 
G.  Urbain  that  the  new  element  was  identical  with  that  which  he  had  described  as  "celtium" 
—  in  1911  and  which  he  had  found  in  some  residues  remaining  after  the  separation  of  the 
lutecium-ytterbium  fractions  of  the  rare  earths.  However,  the  existence  of  "celtium"  as  a 
new  element  was  later  disproved.  Dr.  Alexander  Scott,  likewise,  was  considered  as  a  possi¬ 
ble  olaimant  of  the  honor  of  discovering  the  new  element.  In  1913  he  stated  that  in  analyz¬ 
ing  samples  of  a  black  sand  from  New  Zealand  he  had  extracted  a  cream-colored  sand  containing 
about  75  per  cent  titanium  oxide  and  also  a  highly  refractory  residue  which  he  considered  a 
new  oxide.  Coster  and  Hevesy,  however,  after  examining  some  of  the  material  sent  them  by 
Doctor  Scott  informed  him  that  it  failed  to  yield  any  hafnium  lines  in  the  spectrum.  A  com¬ 
plete  discussion  of  their  findings,  showing  that  the  so-called  "element  celtium"  was  widely 
different  from  hafnium,  particularly  in  its  chemical  reactions,  was  made  by  Coster  and 
Hevesy*^  soon  after  the  original  announcement  of  their  own  discovery;  and  two  years  later 
Hevesy*®  summarized  the  various  attempts  to  find  new  elements  in  zirconium  minerals  since 
zirconium  itself  was  identified  by  Klaproth  in  1789,  as  follows: 

In  1845  Svanberg  expressed  the  view  that  zirconium  minerals 
contained  an  element  similar  to  zirconium,  which  he  named  norium. 

Sjogren,  another  Swedish  chemist,  a  few  years  later,  again  thought  he 
had  found  Svanberg 's  norium  in  the  zirconium  mineral  catapleiite.  Then 
came  Nylander's  announcement  (1869)  of  the  discovery  of  jargonium,  an 


13  Coster,  D. ,  and  Hevesy,  G.,  On  the  Missing  Element  of  Atomic  Number  72:  Nature,  vol .  Ill,  London,  Jan.  20,  1923, 
p.  79. 

14  Mellor,  J.  II.,  Work  cited,  p.  166. 

15  Coster,  D.  ,  and  Hevesy,  G. ,  On  the  New  Element  Hafnium;  Nature,  vol.  Ill,  London,  Feb.  24,  1923,  p.  252. 

16  Hevesy,  G. ,  The  Discovery  and  Properties  of  Hafnium:  Chem.  Rev.,  vol.  2,  No.  1,  April,  1925,  pp.  10-11. 
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element  similar  to  zirconium,  but  having  a  lower  atomic  weight;  and  in 
the  same  year  Church  thought  he  had  discovered  the  new  element  nigrium. 

We  may  add  to  this  list  the  announcement  of  Ogawa  (nipponium,  1908), 
and  of  Hoffmann  and  Prandtl  (1901),  who  believed  they  had  found  a  new 
earth  ("euxen  earth")  in  the  mineral  euxenite.  The  genuineness  of  all 
these  announcements  was  later  disproved  by  different  investigators,  in¬ 
cluding  Marignac,  Weibull,  and  Hauser,  who  showed  the  identity  of 
norium,  and  so  on,  with  zirconium.  Most  of  these  announcements  were 
made  on  the  basis  of  peculiar  chemical  reactions  believed  not  to  be 
characteristic  of  zirconium,  and  from  this  fact  alone  we  can  straight¬ 
way  conclude  that  the  above  announcements  have  nothing  to  do  with  the 
presence  of  hafnium,  as  zirconium  and  hafnium  show  the  same  chemical 
reactions.  Nevertheless,  the  latter  element  was  without  exception  un¬ 
doubtedly  present  in  the  investigated  samples. 

SEPARATION  OF  ZIRCONIUM  AND  HAFNIUM 

A  number  of  methods  that  Coster  and  Hevesy  have  described  for  the  separation  of 
zirconium  and  hafnium  include  fractional  crystallization  or  precipitation  of  (1)  zirconium 
and  hafnium  sulphates,  (2)  fluorides  or  double  fluorides,  (3)  oxalates  in  presence  of  fluor¬ 
ides,  (4)  hydroxides,  (5)  oxyhalides,  and  (6)  organic  compounds. 

The  methods  of  Van  Arkel  and  De  Boer^*  for  the  separation  of  zirconium  and  hafnium 
depend  upon  (1)  fractional  precipitation  of  oxalates  from  solutions  free  of  fluorides,  (2) 
adding  phosphorus  pentachloride  to  mixed  hafnium  and  zirconium  halides  and  fractional  dis¬ 
tillation,  (3)  adding  zirconium  and  hafnium  mixture  to  concentrated  sulphuric  acid  and  frac¬ 
tional  precipitation  by  means  of  a  base,  and  (4)  by  fractional  precipitation  with  hydrogen 
peroxide  and  organic  compounds. 

A  recent  German  patent^®  covers  the  separation  by  the  fraotional  crystallization, 
sublimation,  and  precipitation  of  their  halogen  compounds  (except  fluorides);  special  mention 
is  made  of  the  oxychlorides,  due  to  their  difference  in  solubility. 

PREPARATION  OF  HAFNIUM  AND  ZIRCONIUM 

A  method  for  the  preparation  of  pure  zirconium  and  hafnium,  whioh  is  a  summary  made 
by  Marden^®  of  an  article  by  Van  Arkel  and  De  Boer,^^  follows; 

Their  process  consists  in  heating  zirconium  or  hafnium  tetra- 
iodide  in  a  pyrex  bulb  to  600°  C.  The  bulb  contains,  in  addition  to 
the  chemical  compounds,  a  tungsten  filament  heated  to  2,000°  C.  The 


17  Coster,  Dirk,  and  von  Hevesy  Georg,  Separation  of  Hafnium  and  Zirconium:  Canadian  Patents  275682  to  275687, 
incl.  (to  N.  V.  Philips'  Gloeilampenfabricken,  Eindhoven,  The  Netherlands),  Nov.  22,  1927. 

13  De  Boer,  Jan  Hendrik,  Separation  of  Hafnium  and  Zirconium;  Canadian  Patents  275692  and  275695  (to  N.  V.  Philips' 
Gloeilampenfabricken),  Nov.  22,  1927. 

Van  Arkel,  A.  E.,  and  De  Boer,  Jan  Hendrik  Separation  of  Hafnium  and  Zirconium:  Canadian  Patents  275688,  275691, 
275693,  and  275694  (to  N.  V.  Philips'  Gloeilampenfabricken),  Nov.  22,  1927. 

19  Ger.  Pat.  492754,  vide  Foote-Prints,  vol.  3,  No.  2,  1930  pp.  334. 

20  Harden  J.  H.,  Titanium  and  Zirconium;  Min.  Ind. ,  1925,  vol.  34,  McGraw-Hill  Book  Co.  (Ino.),  1926,  p.  697. 

21  Van  Arkel, _ and  De  Boer _ , _ :  Ztsohr.  anorg.  Chem.  ,  vol.  148,  1925,  p.  345. 
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tetraiodides  vaporize  at  this  temperature  and  dissociate  when  they  come 
in  contact  with  the  tungsten  filament  at  2,000°,  depositing  the  metal 
on  the  filament.  It  is  claimed  that  it  is  possible  to  make  filaments 
having  a  diameter  of  2  to  4  millimeters  in  thickness  and  that  these 
metals  when  made  in  this  way  are  extremely  soft  and  pliable,  resembling 
copper. 

PREPARATION  OF  PURE  HAFNIUM  SALTS 

A  60  per  cent  hafnium  salt  prepared  by  the  hydrofluoric  acid-borax  process  was  dis¬ 
solved  in  hydrofluoric  acid,  precipitation  was  brought  about  with  sodium  hydroxide,  the  pre¬ 
cipitate  was  washed  free  from  fluoride,  phosphate  and  borate,  and  dissolved  in  hydrochloric 
acid.  By  treatment  of  this  precipitate  according  to  the  sulphuric  acid  method  of  separation, 
a  100  per  cent  hafnium  fraction  was  obtained  on  the  second  treatment.  Hafnium  phosphate  may 
be  converted  into  the  hydroxide  by  treatment  with  hydrofluoric  acid  and  potassium  hydroxide, 
solution  in  hydrochloric  acid,  and  precipitation  by  ammonium  hydroxide.  Contamination  with 
silicic  acid  from  hydrofluosilicic  acid  in  the  hydrofluoric  acid  may  be  removed  by  evaporat¬ 
ing  the  hydrofluoric  acid  solution  to  dryness  and  taking  up  with  hydrochloric  acid.  After 
removal  of  silica  the  hydrochloric  acid  solution  is  evaporated;  crystallization  and  re¬ 
crystallization  give  the  ‘oxychloride  HfOCl2.8H20.  Washing  with  alcoholic  hydrochloric  acid 
removes  iron  salts.  The  hydrochloric  acid  should  not  be  too  concentrated,  because  of  the 
tendency  to  form  a  complex  hafnium  chloro  acid.  Ignition  yields  white  oxide  of  hafnium. 

PRODUCTION  AND  TRADE 

The  first  hafnium  salts  produced  in  the  United  States  were  made  by  the  late  Prof. 
C.  James  of  the  University  of  New  Hampshire  in  1924  from  cyrtolite  from  near  Bedford,  N.  Y. 
However,  although  the  zirconium  salt  which  he  prepared  concomitantly  appears  to  have  been 
free  from  hafnium,  the  hafnium  salt  was  unfortunately  contaminated  in  process  by  zirconium 
through  the  interchange  of  fractions  by  careless  workmen  who  had  access  to  the  laboratory. 
To  date,  therefore,  pure  hafnium  salts  have  apparently  not  been  prepared  in  the  Western 
Hemisphere.  Apparently  the  metal  likewise  has  not  been  produced  in  this  country,  but  a  small 
sample  of  the  first  metallic  hafnium  ever  made  was  presented  by  G.  Hevesy  for  permanent  ex¬ 
hibition  in  the  element  collection  being  made  by  Dr,  George  F.  Kunz  at  the  American  Museum 
of  Natural  History  in  New  York  City. 

Practically  all  the  hafnium  and  its  compounds  that  have  been  isolated  so  far  have 
been  consumed  in  scientific  and  experimental  work,  and  production  has  of  course  been  confined 
to  a  small  laboratory  scale.  In  1930,  however,  de  Boer  and  Fast  are  said  to  have  prepared 
some  70  grams  of  100  per  cent  hafnium  oxide  from  which  they  made  some  pure,  ductile  metal, 
as  well  as  a  series  of  hafnium-zirconium  alloys. 

Domestic  supplies  are  imported  and  may  be  obtained  through  various  dealers  in  rare 
metals  and  chemicals,  as  for  example: 

Foote  Mineral  Co.,  (Inc.),  1609  Summer  St.,  Philadelphia,  Pa. 

A.  D.  Mackay,  26  Cortlandt  St.,  New  York,  N.  Y. 


22  de  Boer,  J.  H.,  and  Broos,  J.,  Ztachr.  anorg.  allgeo.  Chem.,  vol.  187  (1930),  p.  190;  Footo-Prints ,  vol.  3  (1930) 
No.  2,  p.  34. 
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IMFOmUTIOW  cincui^iil 


DEP^lETMEl'IT  OF  COI.atiECE  -  BUREAU  OF  MIIIES 


Mil'll  EG  L.1WS  OF 
By  I.  tkens^ 


PEEFATORY  ITQTE 

This  paper  presents  one  of  a  series  of  digests  of  foreign  mining 
legislation  and  court  decisions  that  is  being  prepared  in  advance  of  a 
general  report  relative  to  the  right  of  American  citizens  to  explore  for 
minerals  and  to  om  and  operate  mines  in  various  foreign  countries.  This 
interpretation  of  the  laws  of  Cuba,  prepared  from  the  best  available  in¬ 
formation  in  Washington,  has  been  checked  against  the  answers  made  by  the 
^'imerican  ihnbassador ,  Harry  F.  Guggenlieim,  to  a  questionnaire  of  the  Bu.reau 
of  Mines  transmitted  through  the  courtesy  of  the  Department  of  State.  The 
assistance  of  the  Commercial  Laws  Division  of  the  Bureau  of  Foreign  and 
Domestic  Commerce  in  assembling  material  is  gratefully  acknowledged. 

lETRODUCTIOE 


The  basic  mining  law  of  Cuba  is  contained  in  the  basic  Spanish  min¬ 
ing  decree  having  the  effect  of  law  December  29,  1868.  This  legislation 
has  remained  substantially  unchanged,  "'ith  the  exception  of  a  few  minor 
administrative  changes  made  by  the  present  Government.  These  changes  provide 
for  the  register  of  mines,  oil  wells,  and  operations  of  such  nature,  and 
also  provide  for  the  keeping  of  records  showing  the  value  of  minerals  talien 
out . 


By  Royal  decree  of  April  17,  1883,  the  law  of  mines  enacted  for  the 
Peninsula  (Spain)  on  July  6,  1859,  and  the  General  Bases  of  December  29, 

1368,  were  declared  in  force  in  Cuba.  In  order  to  encourage  the  raining  of 
iron  ore,  in  1883  the  Crown  of  Spain  issued  a  royal  decree  to  the  following 
effect ; ^ 

1  The  Bureau  of  Mines  will  welcome  the  reprinting  of  this  paper,  provided 

the  following  footnote  acloiowled^ent  is  used;  "Reprinted  from  the 
U.  S.  Bureau  of  Mines  Information  Circular  6458." 

2  Rare  metals  and  nonmetals  division,  U.  S.  Bureau  of  Mines. 

3  Porter,  Robert  P.,  Industrial  Cuba:  New  York  and  London,  1899,  pp.  319-20. 
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That  for  a  period  of  treaty  years  the  mining  companies 
should  he  free  from  all  taxes  on  the  surface  area  of  all  claims 
of  iron  or  comhustihles;  that  ores  of  all  classes  should  he  free 
from  all  export  taxes:  that  comhustihles  and  iron  ore  should  he 
exempted  from  the  three  per  cent  tax  on  rar  materials;  that  min¬ 
ing  and  metallurgical  companies  shoi;Id  he  free  from  all  other 
imposts;  that  for  a  period  of  five  shears  the  mining  companies 
should  he  exempt  from  the  payment  of  duties  and  all  machinery  or 
materials  required  for  worlcing  and  transporting  the  ore;  that 
vessels  entering  in  ballast  and  sailing  vrith  ore  should  pay  a 
duty  of  five  cents  per  ton  navigation  dues,  and  that  vessels 
entering  with  cargo  destined  for  the  mining  compe-nies  shou-ld 
pa.y  $1.30  per  ton  navigation  and  port  dues  on  all  such  cargo, 
and  on  the  remainder  of  the  cargo  as  per  general  tariff. 

Later,  hy  Decree  of  September  28,  1914,  sli^t  changes  were  made  in 
the  mining  law.  The  principal  changes  made  at  this  time  referred  to  test 
pits  and  damages  resulting  therefrom.  On  June  12,  1916,  the  Law  of  Labor 
.ticcidents  ^^^-s  passed,  and  on  July  51,  1917,  a  law  was  passed  placing  a  S  per 
cent  additional  tax  on  net  income  on  mining  property. 

The  la\7  of  July  1,  1920,  imposes  a  roys.lty  fee  of  20  cents  per 
hectare  on  land  to  which  mining  development  rights  have  been  granted  under 
concession  from  the  Cuban  Government,  whether  these  rights  have  been  availed 
of  in  e^roloitation  or  not. 

The  "Gaceta  Oficial"  of  Feb.  9,  1924,  published  a  decree  regarding  the 
collection  of  royalties  on  raining  concessions  in  Cuba,  and  on  May  15,  1924, 
a  law  ’-as  passed  further  regulating  State  taxes  as  imposed  by  law  of  1917. 

Presidential  Decree  596  of  April  29,  1928,  comprises  regulations  re¬ 
garding  the  Law  of  Labor  Accidents,  dated  June  12,  1916;  and  Presidential 
Decree  768  of  June  7,  1930,  contains  several  amend-nents  to  the  mining  law  of 
September  28,  1914,  relating  to  applications  for  oil  concessions. 

RIGHTS  OF  FOREIGNERS 

funericans  may  freely  explore  a.nd  may  own  and  operate  mines  on  the 
same  terms  as  Cubans.  (Art.  10,  Decree-Bases  of  Dec.  29,  1868.)  It  is  not 
necessary  to  incorporate  under  the  laws  of  the  country,  and  any  Cuban  or 
foreigner  may  freely  make  test  pits  or  excavations  not  exceeding  10  meters 
in  length  or  depth  for  the  purpose  of  discovering  minerals. 

Article  10  of  the  Decree  Bases  of  1838  reads  as  follows: 

Any  Spaniard  or  foreigner  may,  without  restriction,  dig 
test  pits  or  make  excavations  on  land  of  public  ownership  not  to 
exceed  10  meters  in  length  or  depth,  for  the  purpose  of  discover¬ 
ing  minerals.  Permission  shall  not  be  required  for  this  purpose, 
but  the  local  authority  must  be  informed  thereof. 
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CL.iSSinC.iTIOIT  OF  MIimUL  SUBSTAI^^CES 

usefi!.l  substances  of  the  mineral  Icingdotn,  whether  found  on  the 
surface  or  in  the  subsoil  and  irrespective  of  origin  or  form  in  which  they 
are  fotaid,  are  divided  under  the  Cuban  law  into  three  classes. 

Class  1  includes  mineral  products  of  an  earths'"  nature,  silicious 
stones,  slates,  sandstone,  granites,  basvOit,  limestones,  gypsum,  sands, 
chalks,  argillaceous  earth,  and  in  general,  all  building  raa.terials  which 
may  be  quarried. 

Class  2  includes  placers  alluvial  deposits,  iron  ores  including  bog 
iron  ore,  emery,  ochers  (and  '‘almagras" ) »  slag  and  mine  dumps  (the  result  of 
prior  workings),  peat  bogs;  "pyritous,  alminous,  magnesian  and  Fuller's 
earth";  saltpeter  beds,  phosphorites,  baryta,  fluorspar,  steatite,  kaolin, 
and  clays. 


Class  3  includes  deposits  of  metalliferous  substances,  anthracite, 
pit  coal,  lignite,  asphaltum,  and  mineral  tars,  petroleum  and  mineral  oils, 
graphite,  saline  substances,  including  alb^iline  and  terreo-alloaline  (alkaline 
earth)  salts,  whether  in  a  solid  state  or  dissolved  in  water;  coppero.s, 
sulphur,  and  precious  stones.  Subterranean  waters  are  considered  as  belong¬ 
ing  to  this  group.  (Arts.  1-4,  Decree-Bases  of  Dec.  29,  1868.) 

OWN^HIP 

The  State  is  the  owner  of  all  minerals  found  in  the  subsoil,  and  no 
one  may  dispose  of  them  without  a  concession  from  the  Government.  (Art.  2, 

La-"  of  July  6,  1859,  and  Art.  6,  Decree-Bases  of  Dec.  29,  1868.)  The  owner¬ 
ship  of  the  surface  and  the  subsoil  are  sepa-rate^  • 

However,  fee  simple  ownership  is  possible.  One  may  be  the  owner  of 
both  the  surface  and  subsoil.  If  the  o'-uer  of  the  surface  obta.ins  a  con¬ 
cession  for  the  minerals  in  the  subsoil,  or  if  the  concessionnaire  of  the 
minerals  in  the  subsoil  acquires  ownership  of  the  surface,  he  thereby  acquires 
fee  simple  ownership. 

The  soil  may  be  private  or  public  property,  and  the  owner  never  loses 
his  right  thereto  nor  his  privilege  of  utilizing  it,  e:ccept  in  cases  of  con¬ 
demnation.  The  subsoil  is  under  the  dominion  of  the  State,  and  it  may 
abandon  the  same  to  the  public  use,  grant  it  gratuitousl3>'  to  the  owner,  or 
alienate  it  by  means  of  a  surface  tax  to  individua-ls  or  companies  requesting 
it.  (Art.  6,  Decree-Bases  of  Dec.  29,  1868.) 

.i-rticle  5  (Bases),  defines  soil  and  subsoil  as  follows: 
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The  soil  includes  the  sui’face,  properly  spealcing,  and 
furthermore  the  depth  to  ’•hiich  the  vork.  of  its  owner  may  have 
attained,  whether  in  cultivation,  for  building,  or  the  laying 
of  foundations,  or  for  any  other  purpose  other  than  mining. 

The  subsoil  extends  indefinitely  in  depth  from  where 
the  soil  ceases. 

The  substances  included  in  Class  1,  are  of  public  use  when  situated  on 
lands  of  public  ownership.  When  on  private  lands,  the  State  cedes  them  to  the 
owner  of  the  surface.  (Art.  7,  Decree-Bases  of  Dec.  29,  1868.) 

The  substances  included  in  Class  2,  when  on  private  lands,  are  re¬ 
served  by  the  State  to  grant  them  to  whomsoever  may  request  their  development 
if  the  owner  should  not  work  them  himself;  provided  that  the  enterprise  is 
declared  of  public  utility  and  the  ovmer  is  indemnified  for  the  surface  con¬ 
demned  and  damage  caused.  (Art.  8,  Decree-Bases  of  Dec.  29,  1863.) 

The  substances  mentioned  in  the  third  class  may  be  worked  only  by 
virtue  of  a  concession  granted  bj’’  the  Government;  in  that  case  they  are  con¬ 
sidered  property  separate  from  the  soil.  In  cases  of  a  declaration  of  public 
utility,  condemnation,  or  the  like,  proper  indemnity  is  made.  (Art.  9, 
Decree-Bases  of  Dec.  29,  1868.) 

PEELIMIITAHY  PHOSPECTING 

On  public  lands  no  permit  to  explore  is  required,  but  notice  must  be 
given  in  advance  to  the  mayor  of  the  locality.  Explorations  may  not  be  made 
on  private  lands  without  the  permission  of  the  oiwner.  (Art.  10,  Decree- 
Bases  of  Dec.  29,  1868,  and  Art.  8,  Law  of  July  5,  1859.) 

If  the  owner  of  the  land  is  opposed  to  exploration,  the  prospector 
may  appeal  to  the  Governor  of  the  Province,  who  can  give  or  refuse  the 
necessary  authorization.  Eecourse  may  be  hand  to  the  President  of  the 
Hepublic  against  the  decision  of  the  Governor.  (Arts.  21,  22,  23,  24,  and 
25  of  Lav;  of  Sept.  28,  1914.)  However,  the  owner  may  require  that  the  pros¬ 
pector  give  bond  to  pay  for  damages  which  he  may  cause.  (Art.  26,  of  Law  of 
Sept.  28,  1914.) 

Article  26  of  the  Law  of  September  28,  1914,  reads  as  follows: 

The  owners  of  the  land  shall  always  have  the  riglit  to 
require  that  the  prospector  post  a  bond  to  guarantee  the  pay¬ 
ment  of  any  damages  that  may  be  caused  by  the  test  pits  and 
the  miner  is  further  obliged  to  pay  for  all  damages  which  he 
may  subsequently  cause  to  the  property. 
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Prohibitions 

The  law  stipulates  that  no  pits  shall  he  dug  or  other  mining  workings 
made  at  a  distance  of  less  than  40  meters  from  a  building,  railroad,  road, 
canal,  well,  water  troiagh,  or  other  public  easement.  Also  that  a  distance 
of  1,400  meters  from  fortifications  must  be  adhered  to,  unless  permission  is 
obtained  from  the  military  authorities. 

If  public  services  or  easements  are  affected,  authority  must  be 
granted  by  the  governor;  and  when  public  buildings  are  concerned,  permission 
must  be  received  from  the  owners.  (Art.  12,  Law  of  July  6,  1859.) 

Further  Exploration 

On  free  lands  before  undertaking  prospecting  work  more  extensive  and 
important  than  test  pits  -  such  as  shafts,  tunnels,  ditches  or  excavations  - 
an  application  must  be  filed  in  writing  with  the  governor  of  the  province, 
requesting  permission  to  malce  explorations.  (Art.  21,  Law  of  July  8,  1359.) 

If  the  owners  of  gardens,  orchards,  and  irrigated  fa-imis  through  which  it  may 
be  necessary  to  continue  the  works  started,  should  refuse  access,  the  governor 
shall  grant  permission  to  make  these  explorations.  (Art.  25,  Law  of  Jul3'’  S, 
1859.) 


The  application  for  exploration  or  registry  may  be  filed  without  the 
consent  of  the  owner  (art.  20,  Law  of  Julj*  6,  1859).  However,  within  a 
period  of  30  daj'-s,  counted  from  the  presentation  of  a-ny  petition  for  c:xplora- 
tion  or  registry,  the  interested  persons  shall  be  obliged  to  show  either  the 
consent  or  refusal  of  the  owner  of  the  land,  or  to  declare  in  writing  the 
d^te  on  whicli  they  asked  for  the  authorization  (A.rt.  28,  Regulations). 

COHCESSIOHS 


concession  from  the  G-overnment  is  necessary  to  mine  minerals  in  the 
subsoil,  and  application  for  the  concession  shall  be  made  to  the  Governor  of 
the  Province.  (Art.  2,  Law  of  July  6,  1859.)  Althou^  the  official  granting 
such  peiT’it  has  not  wide  discretionary  powers,  he  may  refuse  to  grant  it. 
Ho'^ever,  the  Government  may  not  refuse  to  grant  a  concession  if  there  is 
sufficient  free  land  and  if  all  legal  requirements  are  fulfilled.  (Art.  15, 
Decree-Bases  of  Dec.  29,  1868.)  Proceedings  are  initiated  and  conducted  be¬ 
fore  the  Provincial  Government  and  the  technical  part  is  under  the  Bureau  of 
Forests  and  Mines  of  the  Province.  Tlie  President  of  the  Republic  grants  the 
concession.  (Art.  2,  Law  of  July  6,  1859.) 
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IXrration  of  Grant  or  Conces sion 

Such  grants  are  perpetual.  However,  a  groiond  rent  or  surface  ta:c  is 
required.  (Art.  19,  Decree-Bases  of  Dec.  29,  1868.) 

Units  of  Measure 

The  "pertenencia"  or  unit  of  measure  for  mining  concessions,  viith  re¬ 
gard  to  the  substances  of  the  second  and  third  classes,  is  a  solid  with  a 
square  basis  of  100  meters,  measured  horizontally  in  the  direction  which  may¬ 
be  indicated  by  the  petitioner,  and  of  an  indefinite  depth.  For  the  first 
class,  the  depth  stops  where  the  workable  material  is  exhausted.  (Art.  11, 
Decree-Bases  of  Dec.  29,  1868.) 

Size  of  a  Concession 

Concessions  have  no  maximum  limit  of  area,  but  they  may  not  be  less 
than  four  hectares  -  40,000  square  meters  (Art.  13,  Law  of  July  6,  1859). 

Any  nuinber  of  pertenencias  over  foux  may  be  granted  to  one  person, 
provided  the  units  forming  the  concession  are  joined  without  a  brealc.  All  of 
them  which  together  form  one  concession  must  be  grouped  in  such  manner  that 
their  continuity  be  uninterrupted,  so  that  those  contiguous  to  each  other 
abut  for  the  entire  length  of  any  of  their  sides.  (Art.  12,  Decree-Bases  of 
Dec.  29,  1868.) 


Ap-plications  for  Mining  Concessions 

To  acquire  one  or  more  mining  concessions,  one  of  two  methods  may  be 
employed  -  namely,  e:xploration  or  registration.  Both  in  exploration  and 
registration  priority  of  an  application  confers  a  preferred  right  to  a.  con¬ 
cession  (A.rt.  20,  Law  of  July  6,  1859). 

Priority  of  Hiaht  to  a  Concession 

The  prospector  has  no  prior  rights  for  explorations  which  he  may  have 
made.  (Art.  31,  Law  of  Sept.  28,  1914.)  However,  priority  of  the  request  in 
the  presentation  of  a. petition  gives  a  preferred  right.  If  substances  of  the 
second  class  are  in  question,  the  owner  is  given  the  preferred  right,  if  he 
binds  himself  to  work  his  concession  within  the  period  which  the  administra¬ 
tion  may  indicate  and  which  shall  not  exceed  thirty  daj'-s  (A.rt.  16,  Decree- 
Bases  of  Dec.  29,  1868.)  If  the  same  land  contains  substances  of  the  second 
and  third  classes  and  it  is  impossible  to  work  both  at  the  same  time,  they 
shall  be  granted  to  the  first  petitioner.  If  this  petitioner  asks  to  exploit 
the  substances  of  the  third  class,  he  may  extend  his  operations  over  those  of 
the  second  class  as  well;  but  if  he  desires  to  exploit  the  substances  of  the 
second  class  only,  when  those  substances  are  exhausted,  a  new  concession  will 
be  necessary  for  the  exploitation  of  the  third  class  mineral  substances  (Airt. 
20,  Decree-Bases  of  Dec.  29,  1868). 
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Surveys  for  Concessions 

A  petition  to  the  governor  shall  clearly  state  all  the  circwastances 
of  the  concession  requested,  and  after  the  proper  proceedings  have  "been 
instituted  as  prescribed  by  the  regulations,  the  governor  shall  order  that 
the  concession  be  surveyed  (Art.  15,  Decree-Eases  of  Dec.  29,  1868). 

Ho  survey  shall  be  made  unless  some  mineral  substances  of  the  three 
classes  described  above  have  been  discovered,  and  according  to  the  opinion  of 
the  engineer,  the  petitioner  is  not  including  property  for  which  a  previous 
consent  of  the  governor  should  have  been  obtained.  (Art.  29,  Law  of  July  5, 
1859.) 


If  upon  examination  of  the  petition  it  is  found  that  the  legal  re¬ 
quirements  have  been  performed,  the  engineer  shall  immediately  survej'  the 
claim  or  claims  according  to  the  surface  plan. 

RI&HTS  CD  SURPACE  OWHERS 

I7hen  the  land  is  private  property,  if  the  oTCier  binds  Jiimself  to  work 
the  land,  beginning  to  do  so  within  the  period  fixed  by  the  governor  (three 
months),  he  shall  be  preferred  to  strangers.  V/orking  of  such  substances 
shall  not  be  consented  to  without  the  special  permission  of  the  owner.  The 
exception  being  when  same  is  to  be  used  for  potter3'  works,  or  any  branch  of 
the  ” fabrile”  industry.  The  governors  maj^  grant  authorization  to  work  private 
lands  for  these  purposes  to  anj^  person  requesting  it,  after  the  institution 
of  proceedings  b;’'  the  governor  with  a  hearing  of  the  owner  of  the  land  and 
after  receiving  the  report  of  a  mining  engineer  and  the  provincial  council. 
(Art.  4,  Law  of  Julj'-  5,  1859.) 

Hov.'ever,  such  claimant  to  the  mineral  rights  must  adjust  his  affairs 
amicably  with  the  owner  of  the  surface  if  possible.  If  the  ovrner  protests 
against  the  digging  or  boring,  the  claimant  has  the  ri^t  to  buy  the  propertj'-, 

lease  it,  or  v;ork  it.  He  must  pajr  such  owner  damages,  or  a  price  that  if  not 
mutually  agreed  on,  is  determined  by  a  board  of  appraisers,  as  indicated  in  a 

brief  outline  of  the  mineral  wes-lth  of  Cuba,  compiled  bj'’  Bureau  of  Information, 
Department  of  Agriculture,  Commerce  and  Labor,  Havana,  Cuba,  in  1921. 

Whenever  possible,  it  is  customary*  to  arrange  with  the  o^'^ner  to  give 
a  royalty  on  whatever  ore  or  oil  he  -Tiay  remove  from  below  the  surface.  This 
arrangement  must  be  aclmo’’^! edged  before  a  notary  and  registered  in  the  near¬ 
est  municipality.  In  Cuba,  such  arrangements  have  proved  eminentlj'’  satis- 
factorj'’  in  mining  operations  and  are  intended  to  be  fair  to  all  parties 
concerned. 
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FOREEITUKE 

Wlien  the  o^TOer  has  omitted  to  paj--  the  fixed  annual  tax,  his  raining 
concessions  shall  be  subject  to  forfeiture.  If  after  being  ordered  to  paj?- 
by  an  injunction,  he  shall  not  have  acquitted  the  obligations  -vithin  15  days, 
such  concession  is  deemed  forfeited.  If  the  ovTner  proves  to  be  insolvent, 
such  concession  also  becomes  forfeited.  The  pronunciation  of  forfeitm-e  is 
mandatory  in  the  Spanish  law# 

TJhen  forfeiture  is  declared,  the  mine  shall  be  sold  at  public  auction. 
The  authorities  shall  keep  the  amount  of  the  taxes;  the  amount  for  expenses 
incurred  in  the  proceedings;  and  5  per  cent  of  the  total  price  obtained  by 
the  administrative  authorities.  The  remainder,  if  any,  shall  be  turned  over 
to  the  bankrupt  mine  ov.’ner# 

After  three  successive  auctions,  if  no  purchaser  is  found,  the  land 
shall  be  declared  free,  (Art.  23,  Decree-Bases  of  Dec.  29,  1868.) 

The  ownership  of  mining  claims,  dumps,  or  scoriae  may  be  lost  or 
forfeited  for  five  reasons,  as  follows: 

1.  Nonfulfillment  of  conditions. 

2.  Bad  management. 

3.  Insolvency. 

4.  Abandonment, 

5.  Renunciation. 

Not’^ithstanding  the  foregoing  provisions,  raining  companies  maj?-  suspend 
their  work  for  a  period  of  two  years  without  forfeiture,  provided  they  justify 
their  action  with  good  reasons#  (Art#  55,  Law  of  July  S,  1859.)  Tlie  govern¬ 
ors  shall  declare  the  forfeiture  after  proceedings  of  investigation  have  been 
instituted,  either  officially  or  at  the  instance  of  another  by  means  of  a 
registry.  (Art.  68,  Law  of  July  6,  1859#) 

Decisions  declaring  forfeiture  according  to  article  63  of  the  Law  of 
July  6,  1859,  are  excepted#  In  these  cases  an  administrative  appeal  lies  to 
the  provincial  council,  with  an  appeal  to  the  council  of  state  by  the  former 
concessionnaire.  Both  appeals  must  be  filed  within  30  days,  (Art,  88,  Law 
of  July  6,  1859.) 
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ROYAITIDS 

The  law  of  July  1,  1920,  imposes  a  royalty  fee  of  20  cents  per 
hectare  on  land  to  which  mining  development  rights  have  been  granted  under 
concession  from  the  Cuban  Government,  whether  these  rights  have  heen  availed 
of  in  exploitation  or  not. 

After  this  law  came  into  force,  no  action  \7as  talien  for  collection 
of  said  ro2'’alties  or  for  the  reversion  of  such  concessions  to  the  State  in 
case  of  nonpaTmient,  as  provided  for  under  laws  previously  in  operation.  This 
delay  was  due  to  the  ambiguity  of  article  174  of  the  Basic  Regulations  for 
Cuban  Mining  as  of  September  28,  1914,  which  left  in  doubt  what  governmental 
authority  should  institute  the  abrogation  proceedings  in  case  of  defaulted 
payment  s . 


The  ’’Gaceta  Official"  of  February  9,  1924,  published  a  Presidential 
Decree  which  provides  that  article  174  shall  be  altered  to  require  that  at 
the  end  of  each  fiscal  year  all  the  Federal  tax-collecting  agencies  shall  re¬ 
port  to  the  Jefaturas  de  Minas  all  of  the  existing  mining  concessions,  and 
state  with  necessary/  details  those  who  fail  to  pay  the  prescribed  royalties. 

The  Jefaturas  de  Minas  then  reports  to  the  Provincial  Government  all 
delinquents,  and  the  governor  issues  to  each  delinquent  company  a  notifica¬ 
tion  stating  three  provisions,  as  follows: 

(a)  That  annulment  of  the  concession  is  under  consideration. 

(b)  That  demand  is  made  that  each  concessionnaire  shall 
liquidate  his  past-due  roj^lty  fee  to  the  State,  and  that  annul¬ 
ment  of  concession  is  pendj.ng. 

(c)  That  notification  is  made  to  the  Administration  of 
Taxes  and  Imposts  to  continue  pressure  upon  the  delinquents  for 
collection  of  the  amount  due  to  the  State  under  the  royalty 
regulations. 

The  Provincial  Government  summons  the  interested  parties,  allowing 
five  days  for  reply  to  this  summons,  after  which  time  the  governor  submits 
to  the  respective  fiscal  zone  a  copy  of  the  prelimina.ry  action  for  annulment. 

Fifteen  days  after  date  of  notification  of  the  delinquent,  if  evi¬ 
dence  of  payment  of  such  royalty  has  not  been  presented,  the  governor  files 
with  the  Secretary  of  Agriculture,  Commerce  and  Labor,  the  documents  cover¬ 
ing  the  delinquent  cases  along  with  his  recommendations,  and  final  action  is 
taken  according  to  the  law. 
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TUIJKELS 

Every  owner  of  a  mining  claim  is  obliged  to  permit  the  passage  of  a 
general  gallery  (drainage  twinel);  and  to  respect  the  supports  of  such  gallerj^', 
abstaining  from  extracting  minerals  within  2  meters  of  the  walls  of  the  tunnel 
unless  he  properly  strengthens  said  walls  at  his  own  expense. 

The  price  for  the  services  of  drainage,  ventilation,  and  extraction 
furnished  by  the  constructor  of  a  tunnel  or  gallerj’’  to  ariy  miner  shall  be 
agreed  upon  by  the  interested  persons,  and  if  an  agreement  can  not  be  reached, 
a  valuation  shall  be  made  by  experts  named  by  both  parties  and  another  appointed 
by  the  governor.  The  amount  shall  be  decided  upon  in  view  of  su.ch  expert  re¬ 
port  and  after  taJcing  into  account  the  circumstances  surrounding  the  case  in 
question.  (Art.  44,  Law  of  July  6,  1859.) 

EASElfflETS 

To  drive  general  galleries  for  e:p)loration,  drainage,  or  transporta¬ 
tion  it  is  necessary  to  petition  for  them.  If  these  works  are  to  cross  claims 
alreadj^  granted,  the  petitioner  must  previously  come  to  an  agreement  with  the 
owners  in  case  of  the  discovery  of  minerals.  (Art.  18,  Decree-Bases  of 
Dec.  29,  18S8.) 

Also,  every  miner  is  compelled  to  facilitate  the  ventilation  of  the 
adjoining  nines.  He  shall  be  subject  to  the  easement  of  the  course  of  walers 
from  adjoining  mines  toward  the  general  drainage  and  also  to  the  police  regu¬ 
lations.  (Art.  24,  Decree-Bases  of  Dec.  29,  1868.) 

Miners  may  obtain  the  free  and  full  use  of  all  or  pe.rt  of  the  s^urface 
of  their  claims  for  warehouses,  workshops,  buddies,  reduction  works,  slag  and 
waste  piles,  roads,  and  other  similar  purposes,  all  within  the  requirements  of 
their  industry.  If  agreement  can  not  be  reached  with  owners,  they  shall 
petition  the  governor  of  the  province  for  the  immediate  application  of  the 
law  of  condonnation  of  property;  which  is  proper  in  these  cases  and  shall  have 
effect  within  two  months.  If  roads  must  be  extended  or  opened  beyond  the 
mining  claims,  they  shall  be  subject  to  the  general  provisions  governing 
road.  (Art.  56,  Law  of  July  6,  1859.) 

PROPOSED  HEW  LEGISLATION 

The  National  Commission  for  Economic  Defense  made  a  study  of  the 
economic  resources  of  the  Republic  of  Cuba  and  proposed  a  mining  law  dealing 
with  mineral  combustibles.  This  st\idy  vr^\s  made  prior  to  October,  1929,  but  to 
date  no  legislation  has  been  passed,  and  from  all  reports  it  does  not  appear 
practicable  to  settle  this  problem  in  the  near  future. 
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The  so-called  Vasquez  Bello  Bill,  concerning  petrole-um  and  coal 
concessions,  is  now  pending  (January,  1931). 

CHA1?Q-ES  IH  CUBAN  LAW  BELilTINS  TO  OIL  CONCESSIONS 

The  Official  Gazette  of  June  11,  1930,  published  a  Presidential 
Decree,  Eo.  7S8,  Jojae  7,  1930,  in  which  several  amendments  were  made  to  the 
Mining  Lawcf  September  28,  1914.  These  amendments  relate  to  applications 
for  oil  concessions.  By  this  new  decree  a  concessionnaire  is  granted,  a 
year's  time  to  raahe  payment;  such  payments  vary  in  amount  according  to  the 
number  of  hectares  claimed.  Furthermore  all  applicants  are  pledged  by  the 
Government  to  fulfill  the  following  requirements: 

To  present  a  report  from  a  competent  engineer  or  geologist 
within  one  year;  also  to  notify  the  Government  of  the  engineer's 
name,  within  six  months  from  the  date  of  presentation  of  the 
application. 

To  deposit  within  ten  da37-s  from  receipt  of  notice  from 
the  Government,  the  amount  designated  for  publication  of  proper 
notices  required  by  articles  50,  51,  and  52  of  the  regulations. 

To  paj”-  the  Government,  in  addition  to  the  profits  tax, 
a  royalty  of  5  per  cent  free  of  expense,  upon  all  oil  producing 
wells  included  in  the  concession. 

This  new  decree  granting  claimants  a  whole  year  for  exploration  be¬ 
fore  having  to  make  any  pajmients  at  all,  tends  to  encourage  oil  ex;plorations 
and  lifts  the  unnecessary  limitations  formerlj''  placed  on  petroleum  con¬ 
cessions.  The  purpose  of  this  decree  is  to  permit  individuals  to  e:^lore 
the  subsoil  in  search  of  petroleum  without  the  need  of  obtaining  a  concession 
or  going  throu^  the  formalities  previously  required  by  the  law. 
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